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PEEFACE. 


THE  need  of  some  recognized  sequence  of  propositions 
in  Elementary  Geometrical  Conies  has  long  been  very 
generally  admitted.  This  need  the  Association  for  the 
Improvement  of  Geometrical  Teaching  has  attempted  to 
supply  by  the  publication  of  the  Syllabus  of  Geometrical 
Conies,  which  was  drawn  up  by  an  influential  Committee 
and  accepted  by  the  Association  at  their  annual  General 
Meeting  in  January,  1884. 

In  the  following  pages  we  have  given  proofs  of  the. 
propositions  in  the  hope  that  they  may  be  found  useful  to 
those  teachers  who  desire  to  adopt  the  order  to  which  the 
Association  has  given  the  weight  of  its  approval. 

We  have  introduced  a  chapter  on  Orthogonal  Projection 
immediately  after  that  on  the  Parabola,  as  we  think  it 
important  that  the  student  should  understand  as  early  as 
possible  the  close  connection  between  the  ellipse  and  circle 
and  should  be  introduced  at  once  to  a  method  by  which  so 


VI  PREFACE. 

many  properties  of  the  ellipse  may  be  deduced  from  well- 
known  properties  of  the  circle. 

At  the  end  of  the  book  will  be  found  a  large  collection 
of  Cambridge  problems ;  we  have  given  a  list  of  important 
properties  of  Conies,  not  included  in  the  propositions  in  the 
text — all  of  which  are  considered  as  well  known  and  may 
therefore  be  assumed  in  the  solution  of  any  other  problems. 

A.   C. 
F.   B.   W. 

May,  1889. 
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PARABOLA. 


DEF.  i.  A  parabola  is  the  locus  of  a  point  (P),  whose 
distance  from  a  fixed  point  (S)  is  equal  to  its  distance  (PM) 
from  a  fixed  straight  line  (XM), 

(SP  =  PM). 

II.     The  fixed  point  (8)  is  called  the  focus. 
in.    The  fixed  straight  line  (XM)  is  called  the  directrix. 

DEF.  A  curve  is  symmetrical  with  respect  to  a  straight 
line,  if,  corresponding  to  any  point  on  the  curve,  there  is 
another  point  on  the  curve  on  the  other  side  of  the  straight 
line  such  that  the  chord  joining  them  is  bisected  at  right, 
angles  by  the  straight  line. 

DEF.     The  straight  line  is  called  an  axis  of  the  curve. 

DEF.  A  vertex  is  a  point  at  which  an  axis  meets  the 
curve. 


C. G. 


PARABOLA. 


PROPOSITION  I. 

Construction  for  points  on  the  parabola.    The  perpendicular 
on  the  directrix  through  the  focus  is  an  axis  of  symmetry. 


M 


Let  8  be  the  focus  and  MXM  the  directrix.  Through  S 
draw  a  straight  line  SX  perpendicular  to  the  directrix,  and 
produce  it  indefinitely  in  the  direction  XS. 

Bisect  SX  in  A  ;  then  because  8 A  =  AX,  A  is  a  point  on 
the  parabola. 


PARABOLA.  3 

In  XS  or  XS  produced  take  any  point  N',  through  N 
draw  a  straight  line  PNPf  perpendicular  to  XN ;  with  centre 
S  and  radius  equal  to  XN  describe  a  circle,  to  cut  (if  possible) 
PNF  at  P  and  P';  and  draw  PM,  P'M'  perpendicular  to 
the  directrix. 

Then  because  SP  =  NX  =  PM, 

therefore  P  is  a  point  on  the  parabola. 

Similarly  P'  is  a  point  on  the  parabola. 
Since  NP  =  NP',  [Euc.  in.  3. 

PP'   is   bisected   at  right  angles  by  XS,  and  the  curve  is 
symmetrical  with  respect  to  XS. 

(1)  If  N  and  S  lie  on  the  same  side  of  A,  SN  is  less 
than  NX,  and  the  circle  will  cut  the  line  PNP' . 

(2)  If  N  and  S  lie  on  opposite  sides  of  A,  the  circle  will 
not  cut  the  straight  line  PNP'. 

Hence  the  parabola  is  unlimited  in  extent,  but  lies 
entirely  on  one  side  of  a  line  through  A  perpendicular  to 
AS. 

For  riders  see  p.  7. 


DEF.     The  axis  (SX)   of  a  parabola  is  a  straight  line 
through  the  focus  perpendicular  to  the  directrix. 

DEF.     The  vertex  (A)  of  a  parabola  is  the  point  at  which' 
the  axis  meets  the  curve. 

DEF.     The  ordinate  (PN)  of  a  point  on  a  parabola  is  the 
perpendicular  from  the  point  (P)  upon  the  axis. 

DEF.     The  abscissa  (AN)  is  the  portion  of  the  axis  be- 
tween the  vertex  and  the  ordinate. 

DEF.     The/oca^  distance  (SP)  of  a  point  on  a  parabola  is 
its  distance  from  the  focus. 

1—2 


PARABOLA. 


PROPOSITION  II. 

If  ike  chord  PP  intersects  the  directrix  in  K,  SK  bisects 
the  exterior  angle  between  SP  and  SP'. 


Join  8P,  SP'. 

Draw  PM,  P'M  perpendicular  to  the  directrix,  and  pro- 
duce PS  to  p. 

Then,  by  similar  triangles  PKM,  P'KM', 

PK  :  P'K  =  PM  :  P'M' 
.      =  SP:SP'; 
.'.  SK  bisects  the  exterior  angle  P'Sp.  [Euc.  vi.  A. 


PARABOLA. 


PROPOSITION  III. 

If  PN  is  an  ordinate  to  the  parabola  at  the  point  P,  then 

PN2  =  4 AS  .  AN. 


(1) 


(2) 


Join  SP,  and  draw  PM  perpendicular  to  the  directrix.     , 
Then,  since  SA  —  AX, 

and  AS  is  divided  in  AT(Fig.  1),  AN  is  divided  in  S  (Fig.  2); 

.-.  NX2  =  SN*  +  4AS.  AN.        [Euc.  n.  8. 

But 


.  AN  ; 
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PARABOLA. 


DEF.     The  double  ordinate  through  the  focus  is  called 
the  latus  rectum  (LL'\ 


PROPOSITION  IV. 


The  latus  rectum  LI/  =  4AS. 


s 


.  LL'  =  4AS. 


[Prop.  3. 


PARABOLA.  7 

PEOBLEMS. 

PROP.  1. 

1.  To  trace  the  parabola  by  points  by  means  of  Euc.  i.  23. 

2.  PP',  QQ'  are  double  ordinates  to  the  parabola.     Shew  that  PQ,  P'Q' 
meet  the  axis  in  the  same  point. 

3.  If  SM  meets  the  parallel  through  A  to  the  directrix  in  Y,  shew  that 
SM  is  bisected  in  Y. 

4.  Shew  also  that  PY  is  perpendicular  to  SM  and  bisects  angle  SPM. 

5.  SZ  is  drawn  perpendicular  to  SP  to  meet  directrix  in  Z.     Shew  that 
PZ  bisects  the  angle  SPM. 

6.  If  two  focal  chords  of  a  parabola  are  equal,  they  are  equally  inclined 
to  the  axis. 

7.  Find  locus  of  centre  of  a  circle  which  touches  a  given  straight  line, 
and  passes  through  a  given  point. 

8.  Find  locns  of  centre  of  a  circle  which  touches  a  given  circle  and  a 
given  straight  line. 

9.  A  straight  line  parallel  to  the  axis  meets  the  parabola  in  one  point 
only. 

PROP.  II. 

1.  Pp  is  a  focal  chord  of  a  parabola,  Q  any  other  point  on  the  curve.    If 
PQ,  pQ  meet  the  directrix  in  K  and  K'  respectively,  KSK'  is  a  right  angle. 

2.  PQ,  pq  are  focal  chords.     Shew  that  Pp,  Qq,  meet  on  the  directrix. 
As  also  do  Pq,  pQ. 

3.  If  they  meet  the  directrix  in  K  and  K',  KSK'  is  a  right  angle. 

4.  Trace  the  parabola  by  means  of  this  proposition,  by  joining  A  to 
different  points  in  the  directrix. 

5.  P  is  any  point  on  the  parabola.     If  PA  produced  meet  the  directrix 
in  K,  MSK  is  a  right  angle. 

6.  Given  a  parabola  and  its  focus,  find  the  directrix. 

7.  PQ  is  a  double  ordinate  of  the  parabola,  PX  cuts  the  curve  in  P'; 

prove  that  P'Q  passes  through  the  focus. 

i 

PROP.  III. 

1.  PP'  is  a  double  ordinate  of  the  parabola.     If  the  circle  round  P^IP' 
cut  the  axis  again  in  Q,  shew  that  NQ  is  constant  and  find  its  length. 

2.  P.NP'  is  a  double  ordinate  of  the  parabola.     Through  Q,  another 
point  on  the  parabola,  straight  lines  are  drawn,  one  passing  through  the 
vertex,  and  the  other  parallel  to  the  axis,  cutting  PP'  in  L  and  L'.     Shew 


PROP.  IV. 

1.  Find  a  double  ordinate  PP'  of  a  parabola  which  shall  be  double  the 
latus  rectum. 

2.  The  radius  of  the  circle  described  about  the  triangle  LAL'=%  latus 
rectum. 
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PARABOLA. 


DEF.  Let  PF  be  the  chord  of  any  curve.  Then  if  the 
point  F  move  up  to  P,  the  chord  PF  in  the  limiting  position 
when  P'  coincides  \vith  P  is  called  the  tangent  at  P. 


PROPOSITION  V. 

If  the  tangent  at  P  meets  the  directrix  in  Z,  PSZ  is  a 
right  angle,  and  the  tangent  at  P  bisects  the  angle  between  the 
focal  distance  SP  and  the  perpendicular  PM  on  the  directrix ; 
and  the  tangent  at  the  vertex  is  at  right  angles  to  the  axis. 


In  the  figure  of  Prop.  II.  let  the  chord  PPK  become 
the  tangent  PZ  by  moving  the  point  P'  up  to  P,  then 
ultimately  SK  coincides  with  SZ,  SP'  coincides  with  SP, 
and  the  angle  P' Sp  becomes  two  right  angles;  but  P'SKis 
always  half  the  angle  P'Sp  (Prop.  II.),  hence  PSZ  is  half  of 
two  right  angles,  or  PSZ  is  a  right  angle. 


PARABOLA. 


Draw  PM  perpendicular  to  the  directrix, 


[Euc.  i.  47. 


.  •.  MZ*  =  SZ*,  since  PM  =  SP  ; 


/.in  the  triangles  ZPM,  ZPS, 

PM,  MZ  =  P>Sf,  SZ  each  to  each, 
and  PZ  is  common  to  both  ; 


.'.  the  angle  MPZ  =  SPZ. 


[Euc.  I.  8. 


If  the  point  P  be  at  the  vertex  A,  the  angle  SPM  is  two 
right  angles  and  coincides  with  the  straight  angle  SAX. 
Hence  the  tangent,  which  bisects  this  angle,  is  at  right  angles 
to  the  axis. 

Prove  from  the  definition  of  a  parabola  that  the  straight  line  which 
bisects  the  angle  SPM  cannot  meet  the  curve  in  a  second  point. 

For  riders  see  p.  11. 
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PARABOLA. 


PROPOSITION  VI. 


The  tangents  at  the  extremities  of  a  focal  chord  intersect  at 
right  angles  on  the  directrix. 


Let  PSp  be   a   focal   chord,  and  let  the  tangent   at  P 
intersect  the  directrix  in  Z. 

Join  ZS,  Zp,  and    draw  PM,  pm   perpendicular  to  the 
directrix. 


PARABOLA.  11 

Then,  V  PZ  is  the  tangent  at  P, 

.*.  SZ  is  at  right  angles  to  PSp  ;       [Prop.  5. 
/.  pZ  is  the  tangent  at  p. 

Again,  v  the  A  SPZ  =  A  MPZ,  [Euc.  I.  4. 

,'.    Z  S£P  =  Z 
.'.  SZP  is  half  of 


Similarly  SZp  is  half  of  SZm, 

.'.  PZp  is  half  of  SZM  and  £Zm  together, 

is  half  of  two  right  angles  ; 

/.  PZp  is  a  right  angle. 


PEOBLEMS. 

PROP.  V. 

1.  The  tangents  at  the  extremities  of  the  latus  rectum  meet  the  directrix 
at  the  point  X. 

2.  If  any  point  0  be  taken  on  the  tangent  at  P,  OM—OS. 

3.  If  the  tangents  to  the  parabola  at  P  and  P'  meet  in  0,  and  PM, 
P'M'  be  the  perpendiculars  on  the  directrix  from  P  and  P',  OH,  OS,  OM' 
are  all  equal. 

Deduce  a  construction  for  drawing  the  two  tangents  from  an  external 
point  0. 

4.  If  two  tangents  OQ,  OQ'  be  drawn  to  a  parabola,  and  V  be  the  middle 
point  of  QQ',  prove  that  OF  is  parallel  to  the  axis. 

5.  Hence,  given  two  tangents  to  a  parabola,  and  their  points  of  con- 
tact, to  find  the  focus. 

6.  If  the  tangent  at  P  meet  the  latus  rectum  produced  in  K,  and  the 
directrix  in  Zt  SK=SZ. 

PROP.  VI. 

1.  If  the  tangents  at  the  extremities  of  the  focal  chord  PPl  meet  in  Z 
and  PM,  PlMl  be  perpendiculars  on  directrix,  shew  that  MM^  is  bisected  in 
7,.     Hence,  prove  that  the  circle  described  on  PPl   as   diameter  touches 
directrix  in  Z. 

2.  PSQ  is  a  focal  chord.     QG  perpendicular  to  the  tangent  at  Q  cutting 
axis  in  G.     GZ  is  a  perpendicular  on  the  tangent  at  P.     Shew  that  Z  lies 
on  the  latus  rectum. 

3.  Tangents  at  the  extremities  of  a  focal  chord  cut  off  equal  intercepts 
on  the  latus  rectum. 
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PARABOLA. 


DEF.  The  straight  line  which  is  drawn  through  any  point 
on  a  curve  at  right  angles  to  the  tangent  at  that  point  is 
called  the  normal. 

PROPOSITION  VII. 

If  the  tangent  and  normal  at  P  meet  the  axis  at  T  and  G 
respectively,  SG  =  SP  =  ST. 


Draw  PM  perpendicular  to  the  directrix. 

Then  Z  STP  =  Z  MPT 

=  Z  SPT 


[Euc.  I.  29. 
[Prop.  6. 


And  since  TPG  is  a  right  angle,  a  circle  centre  S  and  distance 
SP  or  ST  will  pass  through  G  (Euc.  in.  31)  ; 


1.  Prove  that  SM  and  PT  bisect  each  other  at  right  angles. 

2.  If  T  is  the  middle  point  of  AX,  then  N  is  the  middle  point  of  AS. 

3.  If  the  triangle  SPG  is  equilateral,  the  angle  TM  G  is  a  right  angle. 

4.  A  circle  can  be  described  round  the  quadrilateral  SPMZ,  and  this 
circle  touches  PG  at  P. 

5.  If  the  radius  of  this  circle  equal  MZ,  the  triangle  SPG  is  equilateral. 

6.  The  angle  between  any  two  tangents  to  a  parabola  is  half  the  angle 
which  their  chord  of  contact  subtends  at  the  focus. 

7.  The  base  AB  and  the  angle  C  of  a  triangle  ABC  are  given.     Find 
the  locus  of  the  focus  of  a  parabola  touching  CA,  CB  in  A  and  B. 

.  8.  Two  parabolas  have  the  same  focus,  and  their  axes  in  the  same 
straight  line,  but  in  opposite  directions.  Prove  that  they  intersect  at  right 
angles. 


PARABOLA. 
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DEF.  If  the  tangent  and  ordinate  at  the  point  P  meet 
the  axis  in  T  and  N  respectively,  NT  is  called  the  siibtangent 
of  the  point  P. 


Subtangent 


PROPOSITION  VIII. 

=  2AN. 


Draw  PM  perpendicular  to  the  directrix. 
Then  ST=8P 


[Prop.  7.  , 


and  AS  =  AX, 

.'.  AT  =  AN: 
.-.  NT=2AN. 

1.  If  R  be  the  radius  of  the  circle  described  round  the  triangle  PNT, 
prove  that  R*=SP.  AN. 

2.  From  S  a  line  SQ  is  drawn  parallel  to  the  tangent  at  P,  meeting 
PE,  which  is  parallel  to  the  axis,  in  E.     Shew  that  the  locus  of  E  is  a 
parabola,  vertex  S  and  latus  rectum  =  £  that  of  original  parabola. 
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PARABOLA. 


DEF.  If  the  normal  and  ordinate  at  the  point  P  meet 
the  axis  in  the  points  G  and  N  respectively,  NG  is  called  the 
subnormal  of  P. 


Subnormal 


PROPOSITION  IX. 
NG  =  2AS. 


Draw  PM  perpendicular  to  the  directrix. 
Then  SG  =  SP 


[Prop.  7. 


l. 

2. 
3. 
4. 
5. 


If  the  triangle  SPG  is  equilateral,  £P  =  latus  rectum. 

Deduce  Proposition  4  from  Propositions  8  and  9. 

To  draw  the  normal  to  the  curve  at  any  given  point. 

If  QM,  the  ordinate  of  Q,  bisect  NG,  prove  that  QM=PG. 

TP,  TQ  are  tangents  to  a  given  circle.     Construct  a  parabola  which 

1  m  T~k     •  "W~\  T      1  m  y"\       rt  • 


shall  toucli  TP  in  P  and  have  TQ  for  axis. 


PARABOLA. 
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PROPOSITION  X. 

If  the  tangent  at  any  point  P  intersects  the  tangent  at  the 
vertex  in  Y,  then  SY  bisects  PT  at  right  angles,  and  is  a 
mean  proportional  between  SA  and  SP  (SY2  =  AS  .  SP). 


Join  SP,  and  draw  PN  perpendicular  to  the  axis. 

Then,  since  TN  is  bisected  in  A,  and  A  Y  is  parallel  to  PNf 

: .  PT  is  bisected  in  Y. 

The  angles  SYT,  SYP  are  equal ;  [Euc.  i.  8. 

/.  SY  is  at  right  angles  to  PT. 

Again,  because  YA  is  drawn  from  the  right  angle  per- 
pendicular to  the  base  ST  of  the  triangle  SYT, 

[Euc.  vi.  8. 
[Prop.  7. 


=  8 A  .  SP. 


1.  The  circle  on  SP  as  diameter  touches  the  tangent  at  the  vertex  in  1". 

2.  Prove  PY.PZ=SP2. 

3.  Prove  PY .  YZ  =  AS  .  SP. 

4.  SY  produced  meets  the  directrix  in  M. 

5.  If  a  circle  be  described  on  the  latus  rectum  as  diameter,  and  PQ  be 
a  common  tangent  to  the  parabola  and  circle,  touching  them  in  P  and  Q 
respectively,  shew  that  SP,  SQ  are  each  inclined  to  the  latus  rectum  at  an 
angle  of  30°. 

6.  Given  two  tangents  to  a  parabola  and  the  focus,  shew  how  to  draw 
the  tangent  at  the  vertex,  and  hence  the  axis  and  directrix  of  the  parabola. 

7.  A  long  rectangular  slip  of  paper  is  folded  so  that  one  of  the  corners 
always  lies  on  the  opposite  side.     Prove  that  the  crease  always  touches  a 
parabola,  of  which  the  opposite  side  is  the  directrix. 
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PARABOLA. 


PROPOSITION  XI. 

If  from  any  point  0  on  the  tangent  at  P,  01  is  drawn 
perpendicular  to  the  directrix,  and  OU  perpendicular  to  SP, 
then  SU  =  01.  (Adams's  property.) 


Join  SZ,  and  draw  PM  perpendicular  to  the  directrix. 

Then,  since  angle  ZSP  is  a  right  angle, 
.'.  ZSis  parallel  to  OU. 
/.  SU  :  SP  =  ZO  :  ZP 
=  01  :  PM. 

But  &P  =  PM ; 

.-,  SU=OL 


PARABOLA. 


PROPOSITION  XII. 

To  draw  two  tangents  to  the  parabola  from  an  external 
point  O. 


(Analysis. 

Let  0  Q,  OQ'  be  the  two  tangents.     Draw  QM,  Q'M'  per- 
pendiculars on  the  directrix,  and  join  OS,  OM,  OM'. 

Then,  since  the  angle  SQM  is  bisected  by  OQ,  therefore 
the  triangles  SQO,  MQO  are  equal  (Euc.  I.  4)  and  OM  =  OS. 

So  0 M '  =  OS.     Thus  the  points  M  and  M '  are  found, 
hence  construction.) 

With  centre  0  at  distance  0$  describe  a  circle,  cutting 
the  directrix  in  M  and  M '. 

From  M  and  M '  draw  MQ,  M'Q'  to  the  parabola,  at  right 
angles  to  the  directrix. 

Join  OQ,  OQ'.     OQ,  OQ'  shall  be  the  tangents  required. 

Join  OS,  OM,  OM',  SQ,  SQ'. 

Then,  in  the  triangles  SQO,  MQO, 

SQ,  QO  =  MQ,  QO,  and  the  base  OM  =  base  OS ; 
.-.  the  angle  SQO  =  angle  MQO ; 

.'.  OQ  is  the  tangent  at  Q.  [Prop.  5. 

So  OQ'  is  the  tangent  at  Q'. 

NOTE.     The  construction   may  be  made  on  the  principles  proved  in 
Propositions  10  or  11. 
For  riders  see  p.  25. 

C.  G.  2 
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PARABOLA. 


PROPOSITION  XIII. 


The  two  tangents  OQ,  OQ'  subtend  equal   angles  at  the 
focus,  and  the  triangles  SOQ,  SQ'O  are  similar. 


Draw  the  tangent  at  the  vertex,  meeting  OQ,  OQ'  in  F 
and  T. 

Join  SQ,  SQ',  SY,  SY'. 

Produce  QO  to  meet  the  axis  in  T. 

Then,  since  the  angles  at  Y  and  Y'  are  right  angles, 

[Prop.  10. 

the  circle  on  OS  as  diameter  will  pass  through  F  and  Y'. 
Therefore  angle  SOQ'  =  angle  SYY'  in  same  segment 

=  angle  STY  [Euc.  VI.  8. 

=  angle  8QO.       [Prop.  7  and  Euc.  I.  5. 
Similarly  angle  SOQ  =  angle  SQ'O  ; 

.'.  remaining  angles  OSQ,  OSQ'  are  equal, 
and  the  triangles  SOQ,  SQ'O  are  similar. 

OS  and  a  line  through  0  parallel  to  axis  make  equal  angles  with  the 
tangents. 

For  riders  see  p.  25. 


PARABOLA. 


PROPOSITION  XIV. 

If  a  pair  of  tangents  OQ,  OQ'  are  drawn  to  a  parabola, 
and  OV  is  drawn  parallel  to  the  axis,  meeting  QQ'  in  V,  QQ' 
will  be  bisected  in  V. 


Let  0  V  cut  the  directrix  in  R. 

Draw  QM,  Q'Mf  perpendicular  to  the  directrix. 

Join  ON,  OS,  OMf,  SQ,  SQ'. 

Then,  in  the  triangles  SQO,  MQO, 

SQ,  QO  =  MQ,  QO, 

and  angle  SQO  =  angle  MQO  ;  [Prop.  5. 

.-.  ON  =  OS. 

Similarly  OM'=OS', 

.-.  OM=OM', 

and  OR,  which  is  drawn  at  right  angles  to  the  base  of  the 
isosceles  triangle  OMM',  bisects  it ; 

.-.  MR  =  M'R. 
But  QV  :  QV  =  MR  :  M'R; 

...  QV=  Q'V,  or  QQ  is  bisected  in  V. 

For  riders  see  p.  25. 

9      9 

£ — 
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PARABOLA. 


PROPOSITION  XV. 

The  locus  of  the  middle  points  of  any  system  of  parallel 
chords  of  a  parabola  is  a  straight  line  parallel  to  the  axis, 
passing  through  the  point  of  contact  of  the  tangent  parallel  to 
the  chords. 


Let  RPR'  be  the  tangent  parallel  to  the  chords,  P  its 
point  of  contact,  and  QQ'  one  of  the  chords. 

Through  P  draw  OPV  parallel  to  the  axis,  meeting  QQ' 
at  V  and  the  tangent  QRO  at  0.  Join  PQ  and  draw  RW 
parallel  to  the  axis,  bisecting  PQ  at  W.  [Prop.  14. 

Then  OR  =  RQ  because  R  W  is  parallel  to  OP,  [Euc.  vi.  2. 
and  OP  =  PV  because  PR  is  parallel  to  QV. 

Similarly  if  we  draw  a  tangent  QR'O'  meeting  OPV  at 
0',  O'P  =  PF,  hence  0  and  0'  are  coincident. 

Since  OQ,  OQ  are  tangents  and  OF  is  parallel  to  axis, 
QQ'  is  bisected  at  F  [Prop.  14. 

Hence  the  middle  points  of  all  chords  parallel  to  RPR' 
lie  on  a  straight  line  through  P  parallel  to  the  axis. 

DEF.  The  locus  of  the  middle  points  of  any  system  of 
parallel  chords  drawn  in  a  curve  is  called  a  diameter. 

NOTE.    A  diameter  will  not  be  a  straight  line  for  all  curves.     It  has 
just  been  proved  to  be  so  for  a  parabola. 
For  riders  see  p.  25. 


PARABOLA. 
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DBF.     The   half  chords  (QV)  intercepted  between  the 
diameter  and  the  curve  are  called  ordinates  to  the  diameter. 


PROPOSITION  XVI. 

If  QV  is  the  ordinate  of  a  diameter  PV,  and  the  tangent 
at  Q  meets  VP  produced  in  O,  then  OP  =  PV. 


Draw  PR  touching  the  parabola  at  P  and  meeting  OQ  at 
R  ;  through  R  draw  R  W  parallel  to  the  axis. 

Since  RP,  RQ  are  a  pair  of  tangents, 

PQ  is  bisected  at  W, 
and  PR  is  parallel  to  QV-, 

.:  OP  :PV=OR:  RQ 

=  PW  :  WQ. 
But  PW=WQ,    .'. 


[Prop.  14. 
[Prop.  15. 
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PAKABOLA. 


PROPOSITION  XVII. 

//*QV  is  an  ordinate  to  the  diameter  PV,  then 

QV2  -  4SP  .  PV. 


Let  the  diameter  PV  meet  the  parabola  in  P. 

Draw  the  tangent  at  Q,  meeting  the  diameter  in  0  and 
the  axis  in  T. 

Draw  the  tangent  at  P,  meeting  OQ  in  R. 

Join  SP,  SR,  SQ. 

Then,  since  HP,  RQ  are  two  tangents, 

.'.  the  triangles  SRP,  SQR  are  similar;     [Prop.  13. 
.-.  the  angle  SRP  =  angle  SQR 

=  angle  STR  [Prop.  7. 

=  angle  FOR,        [Euc.  I.  29. 
and  the  angle  SPR  =  angle  OPR. 

.*.  the  tangent  at  P  bisects  the  angle  SPO,    [Prop.  5. 
/.  the  triangles  SRP,  POR  are  similar. 


Now  OFis  bisected  in  P  (Prop.  16),  .'.  QV=  2PR, 


For  riders  see  pp.  25  and  26. 


PARABOLA. 


PROPOSITION  XVIII. 

If  ike  focal  chord  QSQ'  is  bisected  by  the  diameter  PV, 
which  meets  the  curve  in  P,  QQ'  =  4SP. 


Draw  the  tangents  OQ,OQ'  meeting  at  right  angles  on  the 
directrix.     (Prop.  6.) 

Draw  the  diameter  OF     Join  SP. 

Then,  since  OF  bisects  the  base  of  the  right-angled  tri- 
angle QOQ', 

.-.  QF=OF;  [Euc.  m.  31. 


But 


=  SP, 


[Def.  of  parabola. 
[Prop.  16. 


For  riders  see  p.  26. 
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PARABOLA. 


PROPOSITION  XIX. 

If  two  chords,  QQ',  qq',  of  a  parabola  intersect  one  another, 
the  rectangles  contained  by  their  segments  are  in  the  ratio  of 
th  e  parallel  focal  chords  ;  or 


QO.Q'O   :  q0.q'0  =  4SP   :  4Sp. 


Draw  the  diameter  PV  to  bisect  QQ  in  V. 
Draw  0  W  parallel  to  the  axis,  to  meet  the  parabola  in  W. 
Draw  the  ordinate  WR  to  the  diameter  PV.     Join  SP. 
Then  QO  .  Q  0  =  Q  V2  -  0  V*  [Euc.  n.  5. 

=  QV2-WR*  [Euc.  I.  34. 

=  4£P .  PV-  4SP .  PR       [Prop.  16. 


=  4<SP.OW. 
Similarly  qO  .  q'O  =  ±Sp.O  W ; 

/.  QO.QfO  :'q0.q'0  =  4SP  :  4% 

For  riders  see  p.  26. 
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PROP.  XII. 

1.  If  the  point  0  be  on  the  directrix,  shew  from  the  construction  that 
the  tangents  intersect  at  right  angles. 

2.  Find  the  point  0  so  that  the  figure  OQSQ'  may  be  a  parallelogram. 

PROP.  XIII. 

1.  If  a  third  tangent  be  drawn  cutting  OQ,  OQ'  in  E  and  T,  prove  that 
the  circle  which  circumscribes  the  triangle  ORT  will  pass  through  S. 

2.  What  is  the  locus  of  the  focus  of  a  parabola  which  touches  three 
given  straight  lines  ? 

3.  A  parabola  touches  each  of  four  straight  lines  given  in  position. 
Give  a  Geometrical  construction  for  finding  its  focus. 

4.  Prove  that  OS  is  a  mean  proportional  between  OQ  and  OQ'.     What 
previous  proposition  is  a  particular  case  of  this  ? 

5.  Two  tangents  to  a  parabola  and  the  point  of  contact  of  one  of  them 
;ire  given.     Shew  that  the  locus  of  the  focus  is  a  circle  passing  through  the 
given  point  of  contact  and  the  intersection  of  the  tangents,  and  touching 
one  of  them. 

6.  The  straight  line  which  bisects  the  angle  QOQ'  between  the  two 
tangents  meets  the  axis  in  E.     Shew  that  SO  =  SR. 

PROP.  XIV. 

1.  The  circle  on  any  focal  chord  as  diameter  touches  the  directrix. 

2.  The  normals  at  the  extremities  of  a  focal  chord  intersect  on  the 
diameter  which  bisects  the  chord. 

3.  Given  two  tangents  and  their  points  of  contact,  to  find  the  focus  and 
directrix. 

PROP.  XV. 

1.  Tangents  at  the  extremities-  of  all  parallel  chords  meet  on  the  same 
straight  line. 

2.  A  parabola  being  traced  on  paper,  find  its  axis  and  directrix. 

3.  If  chords  make  an  angle  of  45°  with  the  axis,  the  line  through  their 
middle  points  passes  through  an  extremity  of  the  latus  rectum. 

PROP.  XVII. 

1.  If  QD  be  drawn  perpendicular  to  OF,  QD2=^^AS  .  PV. 

2.  If  TPV  is  diameter  at  P,  QV  an  ordinate,  and  QT  tangent  at  Q,  and 
if  Q  V=  TV,  shew  that  T  is  on  the  directrix. 

3.  Any  chord  LVL'  is  drawn  through  F,  and  LM,  L'M'  are  the  ordinates 
of  LL'  drawn  to  the  diameter  PV.     Prove  that  LM .  L'M'  = 
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4.  If  from  the  point  of  contact  of  a  tangent  to  the  parabola  a  chord  be 
drawn,  and  another  line  be  drawn  parallel  to  the  axis,  meeting  the  tangent, 
curve,  and  chord,  this  line  will  be  divided  by  them  in  the  same  ratio  as  it 
divides  the  chord. 

5.  Draw  a  chord  of  a  parabola  through  a  given  point,  so  as  to  be  cut  in 
a  given  ratio  at  the  point. 

PROP.  XVIII. 

1.  To  draw  a  focal  chord  PSQ  such  that  SP  =  3SQ. 

2.  If  a  diameter  meet  the  directrix  in  0,  OS  is  perpendicular  to  the 
chords  bisected  by  the  diameter. 

PBOP.  XIX. 

1.  The  semi  latus  rectum  is  a  harmonic  mean  between  the  segments  of 
any  focal  chord. 

2.  If  QV  be  an  ordinate  to  the  diameter  PV,  and  pv  meeting  PQ  in  v 
be  the  diameter  conjugate  to  PQ,  thenpv  = 


ORTHOGONAL  PKOJECTIONS. 


DEF.  I.  If  from  any  point  a  perpendicular  be  drawn 
to  a  fixed  plane,  the  foot  of  the  perpendicular  is  called  the 
projection  of  the  point,  and  the  fixed  plane  is  called  the  plane 
of  projection. 

II.  The  projection  of  a  line,  straight  or  curved,  is  the 
aggregate  of  the  projections  of  its  points,  that  is  the  locus 
of  the  feet  of  perpendiculars,  drawn  from  points  on  the  line, 
to  the  plane  of  projection. 

III.  The  projection  of  an  area  is  the  area  contained  by 
the  projection  of  the  line  or  lines  containing  the  given  area. 

IV.  The  straight  line,  in  which  the  plane,  containing 
a  given  curve,  intersects  the  plane  of  projection,  is  called  the 
base  line. 


ORTHOGONAL  PROJECTIONS. 
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PROPOSITION  a. 
The  projection  of  a  straight  line  is  a  straight  line. 


Let  pqrsU  be  the  given  straight  line  meeting  the  base 
line  in  U,  and  let  P,  Q,  R,  S  be  the  projections  of  p,  q,  r,  s. 

Then  the  perpendiculars  pP,  qQ,  Rr,  sS  will  lie  in  one 
plane  pP  U  (Euc.  xi.  6,  7)  which  intersects  the  plane  of  pro- 
jection in  a  straight  line  UP  (Euc.  XI.  3). 

Hence  the  projection  of  Up  is  the  straight  line  UP,  and 
they  intersect  in  a  point  U  on  the  base  line. 


PROPOSITION 


The  ratio  of  the  segments  of  a  finite  straight  line  is 
unaltered  by  projection. 

Let  pqrsU  be  the  given  straight  line,  and  PQRSU  its 
projection. 

Then  pP,  qQ,  rR,  sS  are  parallel  because  they  are  all 
perpendicular  to  the  plane  of  projection,  and  they  are  all  in 
the  same  plane  P  Up  ;  hence  the  segments  PQ,  QR,  RS  are 
in  the  same  ratio  as  pq,  qr,  rs  (Euc.  VI.  2). 
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ORTHOGONAL   PROJECTIONS. 


PROPOSITION  7. 

Parallel  straight  lines  project  into  parallel  straight  lines 
of  proportional  length. 


u  v 

LetpqU,  rsVbe  two  parallel  straight  lines,  meeting  the 
base  line  in  U  and  Vt  and  let  PQU,  RSV  be  their  projections. 

pP  and  rR  are  parallel,  [Euc.  XI.  6. 

pq  and  rs  are  parallel ;  [nyp« 

.'.  the  plane  UpP  is  parallel  to  plane  VrR.   [Euc.  XL  15. 

Hence  PQU  is  parallel  to  RSV.  [Euc.  XL  16. 

Again,  triangles  p  UP,  r  VR  are  equiangular,  [Euc.  XL  10. 
.-.  PQ  :  pq  =  PU:  pU, 

=  RV:  rVt 

=  R8  :  rs. 

OBS.— This  ratio  PU  :  pU=cospUP. 


ORTHOGONAL   PROJECTIONS. 
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PROPOSITION  8. 

A  tangent  projects  into  a  tangent,  cutting  the  base  line  in 
the  same  point. 


Let  pp  be  two  points  on  a  curve  near  to  one  another, 
then  their  projections  PP'  lie  on  the  projection  of  the  given 
curve. 

Let  p'  move  up  to  and  coincide  with  p,  so  that  pp' 
becomes  a  tangent  to  the  given  curve. 

Then  Pf  moves  up  to  and  coincides  with  P,  and  PP' 
becomes  a  tangent  to  the  projection  of  the  given  curve. 

Also  these  straight  lines  meet  the  base  line  in  the  same 
point.  (Prop,  a) 


ORTHOGONAL   PROJECTIONS. 


PROPOSITION 


€. 


The  ratio  of  areas  is  unaltered  by  projection. 


Case  1.  Let  pqrs  be  a  rectangle,  having  two  sides  pq,  rs 
parallel  to  the  base  line,  and  let  PQRS  be  its  projection  ; 
produce  ps,  qr  to  meet  the  base  line  in  U,  V. 

Area  PQRS  :  area  pqrs  =  PQ  x  PS  :  pq  x  ps, 

=  PS  :  ps, 
:  pU. 


Now  this  ratio  (which  is  equal  to  cos  a,  if  a  be  the  angle 
between  the  original  plane  and  the  plane  of  projection)  is 
independent  of  the  length  and  breadth  of  the  rectangle; 
therefore  all  such  rectangles  are  diminished  by  projection  in 
the  same  proportion,  and  all  such  rectangles  drawn  in  the 
original  plane  bear  the  same  ratio  to  one  another  as  their 
projections  do. 


ORTHOGONAL    PROJECTIONS. 
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Case  2.     But  a  figure  of  any  shape  may  be  divided  into 
a  large  number  of  narrow  strips  by  lines  perpendicular  to 


the  base  line,  and  each  of  these  strips  will  form  one  of  these 
rectangles,  with  two  small  areas  at  each  end ;  now  the  sum  ' 
of  these  rectangles  bears  to  the  sum  of  their  projections  a 
constant  ratio,  also  by  increasing  the  number  of  rectangles 
and  decreasing  their  width  the  difference  between  them  and 
the  given  area  may  be  indefinitely  diminished,  hence  an  area 
of  any  shape  is  diminished  by  projection  in  the  same  ratio 
(1  :  cos  a)  and  all  areas  in  the  original  plane  bear  the  same 
ratio  to  one  another  as  their  projections  do. 
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ORTHOGONAL  PROJECTIONS. 


PROPOSITION  f, 

The  projections  of  two  straight  lines  at  right  angles  to  one 
another  are  lines  at  right  angles  to  one  another,  if  one  of  the 
original  lines  is  parallel  to  the  base  line. 


Let  ps,  sr  be  two  straight  lines  at  right  angles  to  one 
another,  of  which  sr  is  parallel  to  the  base  line  TJV.  Let 
PS,  SR  be  their  projections.  Since  sr  is  parallel  to  UV,  it 
does  not  meet  the  plane  of  projection  PSUV,  hence  sr  does 
not  meet  SR ;  also  sr,  SR  are  in  the  same  plane,  therefore 
they  are  parallel  to  one  another. 

But  SR  is  at  right  angles  to  Ss, 
therefore  sr  is  at  right  angles  to  Ss ; 
also  sr  is  at  right  angles  to  ps, 
.'.  sr  is  at  right  angles  to  the  plane  psUSP; 


[Euc.  I.  29. 


.'.  SR  is  at  right  angles  to  the  plane  ps  USP, 
and  PSR  is  a  right  angle. 


[Euc.  XL  4. 
[Euc.  XL  8. 


NOTE.     The  projection  of  a  right  angle  is  not  a  right  angle,  unless  one 
of  the  arms  of  the  original  angle  is  parallel  to  the  base  line. 


ELLIPSE. 


DEF.  i.  An  ellipse  is  the  locus  of  a  point  (P)  whose 
distance  from  a  fixed  point  (S)  bears  a  constant  ratio  (e), 
less  than  unity,  to  its  distance  (PM)  from  a  fixed  straight 
line  (KM), 

=  e.PM). 


II.     The  fixed  point  (S)  is  called  the/ocws. 
in.     The  fixed  straight  line  (XM)  is  called  the  directrix. 
iv.     The  constant  ratio  (e)  is  called  the  eccentricity. 


c.  G.  3 
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ELLIPSE. 


PROPOSITION  I. 

Construction  for  points  on  the  ellipse. 
The  perpendicular  on  the  directrix  through  the  focus  is  an 
axis  of  symmetry. 

To  find  the  vertices  A  and  A'. 


From  the  focus  S  draw  SX  perpendicular  to  the  directrix. 
Divide  XS  in  A,  so  that 


also  in  XS  produced  take  A'  so  that 

SA'  =  e.  A'X. 
Then  A  and  A'  are  points  on  the  curve. 

Take  any  point  N  on  the  straight  line  AA,  with  centre 
S  and  radius  e  .  XN  describe  a  circle  ;  through  N  draw  PNP' 
perpendicular  to  AA'  and  cutting  the  circle  in  P  and  P', 
then  P  and  P'  are  points  on  the  ellipse.  Draw  PM,  P'M' 
perpendicular  to  the  directrix, 

SP  =  e.XN=e.PM, 


Corresponding  to  any  point  N  on  the  line  AA,  we  thus 
get  two  points  P  and  P'  at  equal  distances  on  opposite  sides 
of  A  A  ';  hence  the  ellipse  is  symmetrical  with  respect  to  AAr, 
or  AA'  is  an  axis,  and  the  points  A  and  A'  are  vertices. 

NOTK.  It  may  be  proved  that  the  circle  intersects  the  perpendicular  NP, 
when  N  is  any  part  of  the  axis  A  A'  between  A  and  A',  but  not  when  N  lies 
outside  the  part  AA',  hence  the  ellipse  lies  entirely  between  lines  drawn 
through  A  and  A'  at  right  angles  to  the  axis.  See  Appendix. 

For  riders  see  p.  37. 


ELLIPSE. 
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PROPOSITION  II. 

If  the  chord  PP'  intersects  the  directrix  in  K,  &K  bisects 
the  exterior  angle  between  SP  and  SP'. 


Join  SP,  SP,  SK\   produce  PS  to  p,  and  draw  PM, 
P'M'  perpendicular  to  the  directrix. 

Then  SP=e.PM, 

and  '         SP  =  e.PM'-9 

.'.  SP  :  SP'  =  PM  :  P'M' 
=  PK  :  PK, 
by  similar  triangles  PKM,  P'KM'. 

Therefore  SK  bisects  PSp  (Euc.  VI.  A.). 


PROP.  II. 

1.  PSP1  is  a  focal  chord.     Prove  that  XP  and  ZPj  are  equally  inclined 
to  the  axis. 

2.  PSPX  is  a  focal  chord.     PA,  P-^A  are  produced  to  meet  the  directrix 
in  K  and  K^  respectively.     Prove  that  KSK±  is  a  right  angle. 

3.  Two  chords  PQ,  P'Q  meet  the  directrix  in  p,  p'  respectively.     Prove 
that  the  angle  pSp'  is  half  the  angle  PSP'. 

4.  If  the  focus  of  an  ellipse  and  two  points  on  the  curve  be  given,  the 
directrix  will  pass  through  a  fixed  point. 

3—2 


ELLIPSE. 


DEF.     If  the  axis  through  the  focus  ($)  meets  the  ellipse 
at  A  and  A',  A  A'  is  called  the  major  axis. 

DEF.     Bisect  AA'  in  (7,  then  G  is  called  the  centre  of 
the  ellipse. 

• 

DEF.     The  double  ordinate  BOB',  drawn  through  G,  is 
called  the  minor  axis. 


PROPOSITION  III. 

If  PN  is  the  ordinate  of  a  point  P  on  the  ellipse, 

PN2  :  AN  .  A'N  =  CB2  :  CA2, 
and  CB  is  less  than  CA. 


K 


Join  PA,  A'P,  and  produce  them  to  meet  the  directrix 
at  K  and  K'. 

Join  SP,  SK,  SK',  and  produce  PS  to  p. 

By  similar  triangles  PAN,  KAX, 

PN  :  AN=KX  :  AX. 

By  similar  triangles  PA'N,  K'A'X, 

PN  :  A'N=K'X  :  A'X ; 
/.  PN2  :  AN.A'N=KX.K'X  :  AX. A'X. 


ELLIPSE.  37 

But  SK  bisects  the  angle  ASp,  [Prop.  2. 

and  SK'  bisects  the  angle  ASP,  [Prop.  2. 

/.  KSK'  is  a  right  angle ; 

/.  KX .  K'X  =  SX* ;  [Euc.  vi.  8. 

/.  PN*  :  AN.A'N  =  SX2  :  AX. AX. 

Similarly,  since  P  may  coincide  with  B, 

BC*  :  ACZ  =  SX*  :  AX. AX, 
.'.  PN2  :  AN.AN=BC2  :  AC2. 

Again,         BG2  :  AC*  =  SX*  :  AX .  A'X. 

Now  SX  =  AX  +  SA  =  AX  (I  +  e\ 

also  SX  =  A'X  -  SA'  =  A'X  (1  -  e\ 

=  (I-e*)AX.A'X<AX.AX', 
.:  BG<AG. 


PEOP.  I. 

1.  If  a  parabola  and  an  ellipse  have  the  same  focus  and  directrix,  the 
parabola  lies  entirely  outside  the  ellipse. 

2.  A  point  P  lies  within,  on,  or  without  the  ellipse,  according  as  the 
ratio  SP  :  PM  is  less  than,  equal  to,  or  greater  than  the  eccentricity,  PM 
being  the  perpendicular  on  the  directrix. 

3.  Any  chord  PQ  of  an  ellipse  meets  the  directrix  in  R.     Prove  that 

SP  :  PR  =  SQ  :  QR. 

4.  A  straight  line  meets  the  ellipse  in  P,  and  the  directrix  in  R.    From 
K,  any  point  in  PR,  KU  is  drawn  parallel  to  SR,  to  meet  SP  in  U,  and  KI 
perpendicular  to  the  directrix.     Prove  that  SU=e  .  KI. 

PROP.  III. 

1.  If  PM  be  drawn  perpendicular  to  BOB',  prove  that 

PMZ  :  BM .  B'M=  CA*  :  OB2. 

2.  P,  Q  are  two  points  on  an  ellipse.     AQ,  A'Q  cut  PN  or  PN  produced 
in  L  and  M.     Prove  that  PN2=LN.  MN. 
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ELLIPSE. 


PEOPOSITION  IV. 


If  the  ordinates  of  the  circle  described  on  AA'  as  diameter 
be  reduced  in  the  ratio  of  CA  :  CB,  the  locus  of  their  extre- 
mities is  the  ellipse. 

(PN  :  PN=CB  :  CA). 


Let  ApA'  be  the  circle  described  on  AA  as  diameter, 
and  NPp  the  ordinate  of  p,  meeting  the  ellipse  at  P. 

PN2  :  AN.A'N=CB*  :  GA\  [Prop.  3. 

But  pN*  =  AN.  AN]     [Euc.  in.  3  and  35. 

.'.  PN*  :  pNz  =  Off  :  GA\ 

PN    :  pN  =  CB   :  CA.  Q.  E.  D. 

DEF.  i.     The  circle  described  on  A  A'  as  diameter  is  called 
the  auxiliary  circle. 

II.  The  points  p  and  P  lying  on  a  common  ordinate  of 
the  ellipse  and  auxiliary  circle  are  called  corresponding  points. 

III.  A  chord  of  the  ellipse  and  a  chord  of  the  auxiliary 
circle  are  called  corresponding  chords,  if  their  extremities 
are  corresponding  points. 


ELLIPSE. 
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PKOPOSITION  V. 


The  projection  of  a  circle  is  an  ellipse. 


Let  apa  be  a  circle,  having  its  diameter  aa  parallel  to 
the  base  line,  cb  the  radius  perpendicular  to  aa,  pn  a  per- 
pendicular from  any  point  p  to  aa'. 

Let  APE  A'  be  the  projection  of  the  circle  apbaf,  and  let 
the  points  A,  A',  B,  G,  P,  'N  be  the  projections  of  the  points 
a,  a',  b,  c,  p,  ra% 

Then  pn2  =  an  .  na  ;      [Euc.  in.  3  and  35. 


/.  pri*  :  cb2  =  an.na'  :  ca2. 

pn2  :  cb2  =  PN2  :  CB2,  [Prop.  7. 

an.  no!  :  ca?  =  AN.NAf  :  CAZ- 
.  PN2  :  CB*  =  AN.NA  :  GA\ 


But 
and 


Also  PN  and  CB  are  perpendicular  to  A  A  ;         [Prop.  £ 
therefore  the  locus  of  P  is  an  ellipse  whose  axes  are  GA,  GB. 

[Prop.  3. 

NOTE.     The  circle  aba'  is  equal  to  the   auxiliary  circle.      The  ratio 
CB  :  CA  =  cos  a,  where  a  is  the  angle  of  projection. 
The  area  of  the  ellipse  =irA  G  .  BC. 


ELLIPSE. 


PROPOSITION  VI. 

The  ellipse  is  symmetrical  with  respect  to  the  minor  axis, 
and  has  a  second  focus  (S')  and  directrix. 


Let  pmpf  be  a  chord  of  the  auxiliary  circle,  cutting  the 
minor  axis  at  right  angles  in  m.  Take  P  and  P  points  on 
the  ellipse  corresponding  to  p  and  p't  and  draw  the  common 
ordinates  pPN,  p'P'N',  and  join  PP',  cutting  the  minor  axis 
in  if. 


Then 


pN  =  p'N'  ; 


[Euc.  i.  34. 
[Prop.  4. 
therefore  PP'  is  parallel  to  NN'  and  perpendicular  to  CB. 

Also,  pm  =p'm ;  [Euc.  m.  3. 

[Euc.  i.  34. 


ELLIPSE. 


Hence,  corresponding  to  any  point  P  on  the  ellipse,  there 
is  another  point  P'  on  the  ellipse  such  that  the  chord  PP' 
is  bisected  at  right  angles  by  the  minor  axis,  or  the  ellipse 
is  symmetrical  with  respect  to  the  minor  axis. 


If  we  take  CS'  equal  to  OS,  and  GX'  equal  to  CX,  and 
through  X'  draw  a  line  perpendicular  to  AA,  the  ellipse 
can  be  described  with  this  line  as  directrix,  8'  as  focus,  and 
eccentricity  the  same  as  before. 


PKOP.  IV. 

1.  A  straight  line  cannot  meet  the  ellipse  in  more  than  two  points. 

2.  Of  all  lines  drawn  from  the  centre  to  the  curve  GA  is  the  greatest 
and  CB  the  least. 

3.  P  and  Q  are  corresponding  points  on  the  ellipse  and  the  auxiliary 
circle;   through  P  KPL  is  drawn  making  the  same  angle  with  the  axes 
which  CQ  does,  and  cutting  them  in  K  and  L.     Shew  that  KL  is  a  constant 
length. 

4.  PM  drawn  perpendicular  to  BE'  meets  the  circle  on  the  minor  axis 
as  diameter  in  p'.     Prove 

PM  :  p'M=  GA  :  CB. 

5.  If  the  two  extremities  of  a  rod  slide  along  two  fixed  straight  lines  at 
right  angles  to  one  another,  any  fixed  point  in  the  rod  will  describe  an 
ellipse. 

PKOP.  V. 
An  ellipse  may  also  be  itself  projected  into  a  circle. 


ELLIPSE. 


PROPOSITION  VI.    (Aliter.) 
Let  aba'  be  a  circle,  and  ABA'  its  projection. 


A'      a 


All  chords  of  the  circle  parallel  to  aa'  are  bisected  by  cb. 

[Euc.  in.  3. 

Therefore  all  chords  of  the  ellipse  parallel  to  A  A'  are 
bisected  by  CB.  [Prop.  7. 

And  CB  is  perpendicular  to  chords  it  bisects.        [Prop.  f. 

Hence  the  ellipse  is  symmetrical  with  respect  to  the 
minor  axis. 

And  it  may  be  described  with  reference  to  a  second  focus 
and  directrix  on  the  opposite  side  of  the  centre. 


ELLIPSE. 
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PROPOSITION  VII. 


=  e.CX;  CS  =  e.CA;  CS.CX  = 


8A  =  e.AX, 
SA'  =  e.  A'X. 

By  addition 

A  A'  =  e  (AX  +  A'X)  =  e  (AX  +  AX')  =  eXX'  ; 

.-.  CA=e.CX 
By  subtraction 


[Def. 
[Def. 


(a). 


(7). 


PROP.  VII. 
Given  an  ellipse  and  one  focus,  find  the  centre  and  the  eccentricity. 
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ELLIPSE. 

PROPOSITION  VIII. 

SP  +  ST  =»  AA'. 

Mechanical  construction  for  the  ellipse. 


Draw  MPM'  perpendicular  to  the  directrices. 
Then  SP  =  e  .  PM, 


and 


=  AA'. 

If  an  endless  string  be  placed  round  two  drawing-pins 
at  S  and  $',  and  kept  tight  by  a  pencil  point  at  P,  the 
pencil  can  be  made  to  trace  out  an  ellipse  of  which  S,  S' 
are  the  foci. 

PKOP.  VIII. 

1.  If  P  be  any  point,  SP  +  S'P  is  greater  than,  equal  to,  or  less  than 
AA't  according  as  P  is  without,  upon,  or  within  the  ellipse. 

2.  A  circle  is  drawn  entirely  within  another  circle.     Prove  that  the 
locus  of  a  point  equidistant  from  the  circumferences  of  these  two  circles  is 
an  ellipse. 

3.  Two  ellipses  have  a  common  focus,  and  their  major  axes  equal. 
Prove  that  they  cannot  intersect  in  more  than  two  points. 

4.  Prove  that  the  straight  line,  which  bisects  the  exterior  angle  between 
PS  and  PS',  cannot  meet  the  ellipse  again. 


ELLIPSE. 
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PROPOSITION  IX. 


CB2  =  CA2  -  OS2  =  SA .  SA'. 


But 


SB 

.'.  SB 

CB2 


=  S'B- 

~    AJ    JLJ    • 

=  CA, 

=  SB2  -  CS* 
=  CA*  -  CSZ 
=  SA .  SA'. 


[Prop.  8. 
[Euc.  I.  4. 

[Euc.  I.  47. 
[Euc.  II.  5. 


ELLIPSE. 


DBF.     The  double  ordinate  through  the  focus  is  called 
the  latus  rectum  (LL'). 


PROPOSITION  X. 

The  semi  latus  rectum  SL  is  a  third  proportional  to  CA 
and  CB. 

SL .  GA  =  CB\ 


But 


SL*  :  AS.A'8=CB*  :  CA*. 

AS.A'S 
.-.  SL*  :  CB* 

/.  8L  :  CB 

.-.  SL .  CA 


CB*; 

CB*  :  CA*; 
CB  :  CA; 
CB*. 


[Prop.  3. 
[Prop.  9. 


ELLIPSE. 
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PROPOSITION  XL 

//  the  tangent  at  P  meets  the  directrix  in  Z,  PSZ  is  a 
right  angle. 

Also  tangents  at  the  ends  of  a  focal  chord  intersect  on  the 
directrix. 


K 


Take  a  point  P'  on  the  ellipse  near  to  P,  and  let  the 
chord  PP'  meet  the  directrix  in  K,  and  produce  PS  to  p. 
Then  KS  bisects  the  angle  P'Sp.  [Prop.  2. 


When  P'  coincides  with  P,  so  that  PP'K  becomes  the 
tangent  PZ,  P'Sp  becomes  two  right  angles ;  therefore  PSZ 
is  a  right  angle. 

Hence  ZSp  is  a  right  angle,  and  Zp  is  the  tangent  at  p, 
or  the  tangents  at  P  and  p  intersect  on  the  directrix. 

1.  Tangents  at  the  extremities  of  the  latus  rectum  intersect  in  X. 

2.  If  through  any  point  P  of  an  ellipse  QPN  be  drawn  perpendicular  to 
the  axis,  meeting  the  tangent  at  L  in  Q  and  axis  in  N,  QN=  SP. 

3.  To  draw  the  tangent  at  a  given  point  P  of  the  ellipse. 

4.  By  drawing  the  tangent  at  B,  prove  GS . 
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ELLIPSE. 

PROPOSITION  XII. 

If  the  normal  at  P  intersects  the  major  axis  in  G, 

SG  =  e .  SP. 


Draw  the  tangent  PZ,  join  SZ,  draw  PM  perpendicular 
to  the  directrix,  and  join  8M. 

ZMP  and  ZSP  are  right  angles  ;  '        [Prop.  11. 

therefore  the  circle,  on  ZP  as  diameter,  passes  through  M 
and  8.  [Euc.  ill.  31. 

Since  ZPG  is  a  right  angle,  PG  touches  the  circle. 

[Euc.  in.  16. 

Therefore  the  angle  SPG  =  angle  SMP  in  the  alternate 
segment.  [Euc.  in.  32. 

Also  angle  PSG  =  angle  8PM.  [Euc.  I.  29. 

Therefore  the  triangles  SPG,  PMS  are  similar  ; 
.-.  SG  :  SP  =  SP  :  PM-, 
=  e.SP. 


PROP.  XII. 

1.  P  is  any  point  on  the  ellipse,  M  a  fixed  point  on  the  major  axis.    A 
perpendicular  is  drawn  from  M  on  the  tangent  at  P.    Find  the  locus  of  the 
intersection  of  this  perpendicular  with  the  radius  vector  SP. 

2.  If  GL  be  drawn  perpendicular  to  SP,  the  ratio  PN  :  GL  is  constant, 
and  PL  =  semi  latus  rectum. 

3.  If  PG  be  produced  to  meet  the  minor  axis  in  g,  gS  produced  meets 
the  directrix  in  M,  the  foot  of  the  perpendicular  from  P. 


ELLIPSE. 


PROPOSITION  XIII. 
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The  tangent  and  normal  to  an  ellipse  at  any  point  P  are 
respectively  the  external  and  internal  bisectors  of  the  angle 
between  the  focal  distances. 


Let  TPY'  be  the  tangent  and  PG  the  normal, 

SG  =  e.SP,  [Prop.  12. 

and  .  S'0  =  e.  S'P ; 

.'.  80. :  S'O  =  SP  :  S'P  ;' 

therefore  PG  bisects  the  angle  SPS'.  [Euc.  vi.  3. 

Therefore  the  complements  SPT,  S'PY'  are  equal,  but 

S'PY'=W'PT\  [Euc.  i.  15. 

therefore  PT  bisects  the  exterior  angle  SP  W. 

PROP.  XIII. 

1.  If  SY,  the  perpendicular  on  the  tangent  at  P,  meet  S'P  produced  in  s, 
prove     (1)  sY=SY,    (2)  SP=Ps,     (3)  S's  =  AA'. 

If  P  move  round  the  ellipse  what  is  the  locus  of  s  ? 

[NOTE.     On  account  of  (1)  s  is  called  the  image  of  the  focus  in  the  tangent.] 

2.  If  the  tangent  and  normal  meet  the  minor  axis  in  t  and  g  respectively, 
the  circle  on  gt  as  diameter  passes  through  P  and  the  two  foci. 

3.  If  the  normal  at  P  meet  the  major  and  minor  axes  in  G  and  g,  prove 
that  the  triangles  SPG,  gPS'  are  similar. 

4.  SP.S'P  =  PG.Pg. 

5.  No  normal  can  pass  through  the  centre,  except  the  normals  at  the 
ends  of  the  axes. 

6.  If  a  circle  be  described  through  the  foci  of  an  ellipse,  a  straight  line 
drawn  from  one  of  its  intersections  with  the  minor  axis  to  its  intersection 
with  the  ellipse  will  touch  the  ellipse. 

C.  G.  4 
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PROPOSITION  XIV. 

The  feet  of  the  perpendiculars  (SY,  S'Y')  from  the  foci 
on  the  tangent  at  P  are  on  the  auxiliary  circle. 

Also  if  CE,  parallel  to  the  tangent  at  P,  intersects  S'P 
in  E,  PE  =  CA. 

Aho  SY.S'Y'=CB2. 

w 

^ 

Y' 


Produce  S'P}  SY  to  meet  in  W.    Join  CY. 
In  the  triangles  YPS,  YPW,  YP  is  common,  right  angles 
PYS,  PYW  are  equal,  angle  YPS  =  angle  YPW;   [Prop.  13. 

/.  8P  =  PW,   SY=  YW;  [Euc.  i.  26. 

and  80=  CS't  .'.  S'W  is  parallel  to  CY;  [Euc.  vi.  2. 

[Euc.  vi.  4. 
[Prop.  8. 


therefore  F  is  on  the  auxiliary  circle. 

Similarly,  Y'  is  on  the  auxiliary  circle. 
Also  YGEP  is  a  parallelogram  ;  therefore 

PE=CY=CA. 

Produce  Y'S'  to  meet  the  circle  in  y  and  join  Yy. 
Then,  YY'y  being  a  right  angle,  Yy  passes  through  the 
centre  0,  [Euc.  in.  31. 

SY=8'y,  [Euc.  i.  4. 

8Y.  S'Y'  =  S'y  .S'Y'  =  AS' .  S'A  [Euc.  m.  35. 
=  CB\  [Prop.  9. 

For  riders  see  page  52. 
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PROPOSITION  XV. 

Corresponding  chords  of  the  ellipse  and  auxiliary  circle 
intersect  on  the  major  axis. 

Also  tangents  at  corresponding  points  intersect  on  the 
major  axis. 


Let  PQ  be  a  chord  of  an  ellipse,  meeting  the  major 
axis  in  T. 

Let  p  be  the  point  of  the  auxiliary  circle  corresponding 
to  P.  Join  Tp,  and  produce  it  to  meet  the  ordinate  RQ 
produced  in  q. 

Then  qR  :  pN  =  RT  :  NT  [Euc.  VI.  4. 

=  QR  :  PN  [Euc.  vi.  4.  t 

/.  qR  :  QR=pN  :  PN 

=  AC  :  BO-  [Prop.  4. 

/.  q  is  the  corresponding  point  to  Q,  and  the  correspond- 
ing chords  PQ,  pq  meet  the  axis  in  the  same  point  T. 

If  Q  moves  up  to  and  coincides  with  P,  then  q  moves 
up  to  and  coincides  with  p,  and  PT,  pT  become  tangents  to 
the  ellipse  and  circle,  or  the  tangents  at  corresponding  points 
intersect  on  the  major  axis. 

PROP.  XV. 

1.  Pp  are  corresponding  points.     The  tangent  at  p  meets  CB  produced 
in  K.     Prove  CK .  PN=  AG.BG. 

2.  OQ,  OQ'  are  tangents  to  an  ellipse.     ON  is  drawn  perpendicular  to 
the  axis.    Prove  that  the  tangents  to  the  auxiliary  circle  at  the  corresponding 
points  q  and  qf  meet  in  ON. 

Prove  also  that  if  QQ'  produced  meet  the  major  axis  in  T,  CN .  CT= 

4—2 
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ELLIPSE. 


PROPOSITION  XVI. 

//  the  tangent  at  P  meets  the  major  axis  produced  at  T, 

ON .  CT  =  CA2. 


Produce  NP  to  meet  the  auxiliary  circle  in  p,  and  join 
pT,  pG. 

pT  touches  the  circle  ;  [Prop.  xv. 

therefore  Cp  T  is  a  right  angle  ;     [Euc.  in.  18. 

/.  CN.CT=Cp*  [Euc.  vi.  8. 


PROP.  XIV. 

1.  To  draw  a  tangent  to  the  ellipse  parallel  to  a  given  straight  line. 

2.  If  a  straight  line  through  C  parallel  to  the  tangent  intersect  the  SP, 
S'P  distances  in  E,  E',  prove  PE=PE'. 

3.  Prove  also  SE  =  S'E'. 

4.  The  circle  described  on  SP  as  diameter  touches  the  auxiliary  circle. 

5.  SK  is  parallel  to  S'P,  and  YK  perpendicular  to  SK.     Shew  that  the 
parabola  having  S  for  focus  and  K  for  vertex  touches  the  ellipse. 

6.  Given  in  position  a  focus  and  tangent,  and  in  magnitude  the  minor 
axis,  find  the  locus  of  the  other  focus. 

7.  A  chord  of  a  circle  which  subtends  a  right  angle  at  a  fixed  point 
envelopes  a  conic  whose  foci  are  the  fixed  point  and  the  centre  of  the  circle. 

8.  If  a  second  tangent  intersect  YPY'  at  right  angles  in  0,  prove  that 

OY.OY'=BC2. 

Hence  prove  (702=  CA2+CB2.    [The  locus  of  the  intersection  of  tangents 
at  right  angles  is  called  the  Director  Circle.  ] 


ELLIPSE. 


53 


PROPOSITION  XVI.     (Aliter.) 


AN  C 


Draw  the  circle  from  which  the  ellipse  is  projected,  and 
let  0,  P,  T,  N,  A  be  the  projections  of 

c,  p,  t,  n,  a. 

I 

Then  pt  touches  the  circle  ;  [Prop.  8. 

therefore  cpt  is  a  right  angle,       [Euc.  in.  18. 


and  cnp  is  a  right  angle ; 
.'.  cn.ct  —  cp2; 
.*.  cn.ct  =  ca2 ; 
/.  CN.CT=CA*. 


[Prop,  f 
[Euc.  VI.  8. 

[Prop.  /9. 


PROP.  XVI. 

1.  p  is  the  point  on  the  auxiliary  circle  corresponding  to  P.     Sy  is 
drawn  perpendicular  to  the  tangent  at  p.    Prove  Sy  =  SP. 

2.  Any  circle  through  N,  T,  cuts  the  auxiliary  circle  at  right  angles. 

3.  If  CY,  AZ  be  the  perpendiculars  from  the  centre  and  an  extremity  of 
the  major  axis  on  the  tangent  to  the  ellipse  at  any  point  P,  shew  that 

CA.AZ=CY,AN. 
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ELLIPSE. 


PROPOSITION  XVII. 

If  ike  tangent  at  P  meets  the  minor  axis  produced  in  t, 
and  Pn  is  the  perpendicular  from  P  on  the  minor  axis 

On  .  Ct  =  CB2. 


Draw  the  circle  of  which  the  ellipse  is  the  projection. 

And  let  c,  p,  t',  b,  n'  be  the  points  of  which  C,  P,  t,  B,  n 
are  the  projections. 

Join  cp.     Then  ptf  touches  the  circle  ;  [Prop.  8. 

therefore  cpt'  is  a  right  angle.       [Euc.  in.  18. 

Also  cn'p  is  a  right  angle  ;  [Prop.  f. 

/.   en'  .  ct'  =  cp2  [Euc.  vi.  8. 


Cn.Ct  = 


[Prop. 


ELLIPSE. 
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PROPOSITION  XVIII. 

If  tJie  normal  at  P  meets  a  line  through  C  parallel  to  the 
tangent  at  P  in  F,  and  the  minor  axis  in  g,  then 

PF .  PG  =  CB2  and  PF .  Pg  =  CA2. 


Draw  PNR,  Pnr  perpendicular  to  the  axes  meeting  GF 
in  R  and  r,  and  let  the  tangent  at  P  meet  the  axes  at 
T  and  t, 

Since  the  angles  at  N  and  F  are  right  angles,  a  circle  can 

[Euc.  in.  31. 

[Euc.  in.  36. 
[Euc.  I.  34. 
[Prop.  xvii. 


be  described  through  GNR  and 


=  Cn.Ct 


Similarly 


PF.Pg  =  Pn.Pr 
=  CN.GT 


[Euc.  i.  34. 


PBOP.  XVIII. 

1.  If  from  g  a  perpendicular  gK  be  dropped  on  SP  or  S'P,  prove  that 

PK=CA. 

2.  If  the  tangent  at  P  meets  the  major  axis  in  T,  then  GF .  PT  is  equal 
to  the  product  of  perpendiculars  from  the  foci  on  the  normal  at  P. 
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ELLIPSE. 

PKOPOSITION  XIX. 

GN  :  CN  =  CB2  :  CA2. 


Also 


Produce  PG  to  meet  the  minor  axis  at  g,  and  draw  CF 
parallel  to  the  tangent  at  P,  meeting  Pg  at  F. 

Then  GN  :  CN=PG  :  Pg  [Euc.  vi.  2. 

=  PF.PG  :  PF.Pg 
=  CBZ  :  CA\  [Prop.  xvm. 

Also        GN-GN  :  CN=CA2-CB*  :  CAZ; 

/.     CG  :  CN  =  CS*  :  CA*  •  [Prop.  ix. 

.-.     CG  =  e* .  CN.  [Prop.  vii. 

PROP.  XIX. 

1.  If  the  tangent  and  normal  at  P  meet  the  major  and  minor  axes 
respectively  in  T,  t,  0,  g,  prove 

(a)  CG.CT=CS*, 

(b)  Cg.Ct=CS\ 

(c)  Tg,  tG  are  at  right  angles. 

2.  Prove  NG.CT=CB2. 

3.  From  this  proposition  deduce  the  corresponding  proposition  for  the 
parabola,  viz.  NG  =  2AS. 

4.  Find  a  point  P  on  the  ellipse  such  that  PG  bisects  the  angle  between 
CP  and  PN. 


ELLIPSE. 

PROPOSITION  XX. 
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If  from  any  point  O  on  the  tangent  at  P,  OI  is  drawn 
perpendicular  to  the  directrix,  and  OU  perpendicular  to  SP, 
then  SU  =  e .  01.  (Adams's  property.) 


Join  SZ,  and  draw  PM  perpendicular  to  the  directrix. 
ZSP  is  a  right  angle  ;  [Prop.  XI. 

.*.     ZS  is  parallel  to  OU; 
.'.     SU  :  SP  =  ZO  :  ZP  [Euc.  vi.  2. 

=  01 :  PM,  [Euc.  vi.  4. 

but  SP  =  e.PM; 

.-.    SU=e.OL 

If  the  tangent  at  P  meet  the  directrices  in  Z,  Z',  the  perpendiculars  from 
Z  and  Z'  on  SP  intercept  a  part  equal  to  AA'. 
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ELLIPSE. 


PROPOSITION  XXI. 

To  draw  a  pair  of  tangents  OQ,  OQ'  to  an  ellipse  from 
an  external  point  0. 


o 


Draw  01  perpendicular  to  the  directrix. 

With  centre  S,  and  radius  e .  01  describe  a  circle,  and 
draw  the  tangents  OU,  OU'.  [Euc.  in.  17. 

Draw  SZ  perpendicular  to  SU,  meeting  the  directrix  in 
Z.  Join  ZO,  meeting  SU  in  Q.  Draw  QN  perpendicular 
to  the  directrix.  [Euc.  vi.  2. 

Then  8Q  :  SU  =  QZ  :  OZ 

=  QN  :  07; 

/.   SQ  :  QN=SU  :  01  =  e  :  1; 
therefore  Q  is  on  the  ellipse. 

And  since  QSZ  is  a  right  angle,  OQ  touches  the  ellipse. 

[Prop.  11. 

Similarly  a  second  tangent  OQ'  may  be  drawn. 
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o 


(Second  Method.)  On  OS  as  diameter  describe  a  circle 
meeting  the  auxiliary  circle  in  F  and  F'.  Then  SYO  is  a 
right  angle  [Euc.  ill.  31],  and  OF  touches  the  ellipse  [Prop, 
xiv.].  Similarly  OF'  touches  the  ellipse. 


(Third  Method.)  With  centre  0  and  radius  0$  describe 
a  circle,  and  with  centre  S'  and  radius  A  A'  describe  a  second 
circle  intersecting  the  first  in  U  and  U'.  Join  S'U,  S'U' 
meeting  the  ellipse  in  Q  and  Q',  then 

angle  OQU  =  angle  OQS,  [Euc.  I.  8. 

and  OQ  touches  the  ellipse.  [Prop.  xni. 

Similarly  OQ'  touches  the  ellipse. 


60 


ELLIPSE. 


PROPOSITION  XXII. 

Tangents  OQ,  OQ'  subtend  equal  angles  OSQ,  OSQ'  at 
the  focus  S. 


Draw  OU,  OU',  01  perpendicular  to  SQ,  SQ',  and  the 
directrix.     Join  OS. 


Then 


SU=e.OI 


[Prop.  xx. 
[Prop.  xx. 
[Euc.  i.  47. 
[Euc.  I.  8. 


or 


/.     OU=OU'- 
:.     OSU=OSU', 
OSQ  =  OSQ'. 

PBOP.  XXII. 

1.  QQ'  produced  meets  the  directrix  in  K,  prove  that  OSK  is  a  right  angle. 

2.  Tangents  at  the  extremities  of  a  focal  chord  meet  the  tangent  at  the 
vertex  in  Tlt  T2,  prove  AT1.AT^=AS2. 

3.  OQ,  OQ'  are  two  fixed  tangents  to  an  ellipse.    A  variable  tangent 
intersects  them  in  q,  q'.     Prove  that  the  angle  qSq'  is  constant. 

4.  Normals  at  the  extremities  of  a  focal  chord  meet  in  W,  and  the  cor- 
responding  tangents  in  Z.    Prove  that  ZW  passes  through  the  other  focus. 

5.  OQ,  OQ'  are  tangents  from  0,  and  OS  meets  QQ'  in  R.     RZ,  parallel 
to  the  axis,  meets  the  directrix  in  Z.     Shew  that  QZ  and  Q'Z  are  equally 
inclined  to  the  axis. 
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PROPOSITION  XXIII. 


OS'. 


Tangents  OQ,  OQ'  are  inclined  at  equal  angles  to  OS, 


Join  SQ,  Sty,  S'Q,  S'Q'  and  produce  S'Q?  to  TF,  and  let 
SQ'  meet  S'Q  in  K. 

Then  angle  S'OQ?  =  OQ'W-  OS'Q  [Euc.  i.  32. 

=  %SQ'  W  -  kQS'Qf  [Props.  XIIL,  xxn. 

=  %S'KQf.  [Euc.  i.  32.' 

Similarly        SOQ  =  %SKQ\ 

=  S'OQ'.  [Euc.  i.  15. 


PKOP.  XXin. 

1.  Given  two  tangents  to  an  ellipse  and  one  focus,  find  the  locus  of  the 
centre. 

2.  On  OQ,  OQ',  lengths  OR,  OE'  are  taken,  equal  to  OS,  OS'  respectively. 
Prove  that  ER'  is  equal  to  the  major  axis  of  the  ellipse. 
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ELLIPSE. 


PROPOSITION  XXIV. 

The  locus  of  the  middle  points  of  any  system  of  parallel 
chords  of  an  ellipse  is  a  straight  line  passing  through  the 
centre ;  and  the  tangent  at  either  end  of  the  straight  line  is 
parallel  to  the  chords. 


Draw  the  circle  whose  projection  is  the  ellipse.  The 
middle  points  of  the  system  of  parallel  chords  of  the  ellipse 
are  the  projections  of  the  middle  points  of  a  system  of 
parallel  chords  of  the  circle.  [Props.  /3  and  7. 

In  the  circle  these  middle  points  lie  on  a  straight  line  cv 
passing  through  the  centre  c.  [Euc.  ill.  3. 

And  the  projection  of  cv  is  a  straight  line  CV  passing 
through  the  centre  G  of  the  ellipse.  [Prop.  a. 

In  the  circle  the  tangents  at  either  end  of  cv  are  parallel 
to  the  chords,  because  they  are  all  perpendicular  to  cv. 

[Euc.  in.  3  and  16. 
Hence  in  the  ellipse  the  same  is  true.        [Props.  7  and  8. 

DEF.  The  locus  of  the  middle  point  of  a  system  of 
parallel  chords  is  called  a  diameter. 

NOTE.     The  words  diameter  and  axis  are  frequently  used  to  denote  the 
length  of  the  portion  of  the  diameter  or  axis  intercepted  by  the  curve. 

DEF.  The  half  (QV)  of  a  chord  (QQ')  which  is  bisected 
by  a  diameter  (CP)  is  called  an  ordinate  to  the  diameter. 
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PROPOSITION  XXV. 

Tangents  at  the  ends  of  any  chord  meet  on  the  diameter 
which  bisects  the  chord. 


Let  OQ,  OQ'  be  the  tangents,  join  (70,  meeting  QQ'  in  V. 

Draw  the  circle  whose  projection  is  the  ellipse,  and  let 
0,  Q,  Q',  G,  V  be  the  projections  of  o,  q,  q',  c,  v.     Join  cq,  cq'. 

Then  oq,  oq'  touch  the  circle ;  [Prop.  & 

.*.    oq  =  oq' ;  [Euc.  in.  36. 

/.   angle  ocq  =  angle  ocq' ;  [Euc.  I.  8. 

.'.    qv  =  ^/(y ;  [Euc.  I.  4. 

[Prop.  yS. 


PROP.  XXV. 

1.  The  tangent  at  a  point  P  of  an  ellipse  meets  the  tangent  at  A  in  Y. 
Shew  that  CY  is  parallel  to  A'P. 

2.  If  CP  meets  the  directrix  in  Z,  ZS  is  perpendicular  to  QQ'. 


ELLIPSE. 


PROPOSITION  XXVI. 

QV  is  an  ordinate  of  the  diameter  CP ;  if  the  tangent  at 
Q  meets  the  diameter  CP  produced  in  0,  then 

CV.CO  =  CP2. 


Draw  the  circle  whose  projection  is  the  ellipse.  Let 
c,  q,  o,  p,  v  be  the  projections  of  C,  Q,  0,  P,  V.  Join  cq  and 
produce  qv  to  meet  the  circle  at  q'. 

Then  oq  is  a  tangent, 

qqr  is  bisected  at  v, 

.'.    cvq  is  a  right  angle, 

and  cqo  is  a  right  angle, 


.'.    cv .  co  =  cq, 
.'.   cv  .co  —  cpz, 
GV.  CO  =  GP\ 


[Prop.  8. 
[Prop.  £. 
[Euc.  in.  3. 
[Euc.  in.  18. 
[Euc.  vi.  8. 


[Prop.  0. 


PROP.  XXVI. 

1.  VE  parallel  to  PQ  meets  CQ  in  R.     Prove  that  PR  is  parallel  to  the 
tangent  at  Q. 

2.  The  tangent  at  any  point  P  of  an  ellipse  meets  the  equiconjugate 
diameters  [see  page  66]  in  T  and  T'.     Shew  that  the  triangles  TCP,  TCP 
are  in  the  ratio  CT2  :  CT'\ 
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PKOPOSITION  XXVI.     (Aliter.) 

Draw  the  tangent  at  P  meeting  QO  in  R. 
Draw  PW  parallel  to  OQ  meeting  QV  in  W. 
Join  PQ,  RW. 


R 


Then  y  PRQW  is  a  parallelogram, 

.'.R  W  bisects  PQ, 
.'.  R  W  passes  through  the  centre, 
.'.by  similar  triangles 


=  CP  :  CO, 
.-.  CV.  CO  = 


[Prop.  25., 


What  is  the  corresponding  proposition  in  the  parabola?     Apply  this 
method  of  proof  to  it. 

This  proof  is  due  to  the  Master  of  St  John's  College,  Cambridge. 


C.  G. 
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ELLIPSE. 


PROPOSITION  XXVII. 

If  CP  bisects  chords  parallel  to  CD,  then  CD  bisects  chords 
parallel  to  CP. 


D 


Draw  AQ  parallel  to  CD  meeting  CP  in  F; 

then  AQ  is  bisected  at  V. 
Join  A'Q  cutting  CD  in  TF. 
Since  AQ  is  bisected  in  F 

and  J.^.'  in  Cf, 

-  /.  A'Q  is  parallel  to  CP. 

And  v  (7Z)  is  parallel  to  AQ, 

and  A  A'  is  bisected  in  (7, 
.*.  AQ  is  bisected  in  TF, 

/.  (7Z>  bisects  the  chord  A'Q  which  is  parallel  to  CP, 
.*.  CD  bisects  all  chords  parallel  to  CP.       [Prop.  24. 

DEF.     Two   diameters   which   are    so  related  that  each 
bisects   chords   parallel   to   the  other   are   called   conjugate 

diameters. 

N.B.    The  tangent  at  P  is  parallel  to  CD  and  the  tangent  at  D  is 

•ollol    fr.    /7P  rPfrt-r.     OA 


parallel  to  CP 


[Prop.  24. 


PBOP.  XXVII. 

1.  To  draw  the  equicon jugate  diameters  of  the  ellipse. 

2.  The  focus  is  the  centre  of  perpendiculars  of  the  triangle  formed  by 
two  conjugate  diameters  and  the  directrix. 
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PROPOSITION  XXVIII. 


Conjugate  diameters  in  the  ellipse  are  the  projections  of 
diameters  in  the  circle  at  right  angles  to  one  another. 


Let  CP,  CD  be  conjugate  diameters.  Draw  a  chord 
QVQ'  parallel  to  CD  and  bisected  at  V.  Draw  the  circle 
whose  projection  is  the  ellipse  and  let  D,  Q,  P,  Q7,  V,  C  be 
the  projections  of  d,  q,  p,  q',  v,  c. 

cd  is  parallel  to  qq',  [Prop.  7. 

and  qq'  is  bisected  at  v,  [Prop.  /3. 

.'.  cv  is  perpendicular  to  qq',  [Euc.  III.  3. 
/.  cp  is  perpendicular  to  cd. 

V 

NOTE.    Numerous  metrical  properties  of  conjugate  diameters  may  be 
deduced  from  this  proposition  by  the  method  used  in  Prop,  xxx.,  e.g.: 

1.  P'CP,  CD  are  two  conjugate  diameters,  R  any  other  point  on  the 
ellipse.     PR,  PR  meet  CD  or  CD  produced  in  T,  t.     Prove  CT .  Ct=CDz. 

2.  If  CP,  CD,  CQ,  CR  be  two  pairs  of  conjugate  diameters,  and  if  the 
tangent  at  P  meet  CQ,  CR  produced  in  T,  t ;  then  PT.Pt=CD*. 


5—2 
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ELLIPSE. 


• 

DEF.  Chords  (QP,  QP'),  which  join  any  point  (Q)  on  an 
ellipse  to  the  extremities  of  a  diameter  (PGP)  are  called 
supplemental  chords. 


PROPOSITION  XXIX. 


Supplemental  chords  are  parallel  to  conjugate  diameters. 


M 


Draw  the  diameters  CL,  CM  parallel  to  the  supplemental 
chords  P'Q,  QP  cutting  them  in  V  and  W. 

Then  PV:VQ  =  PC :  CP',  [Euc.  vi.  2. 

/.PF=F<2,  ,      . 

/.  GL  bisects  all  chords  parallel  to  PQ,      [Prop.  24. 

that  is  parallel  to  CM. 

Similarly  CM  bisects  all  chords  parallel  to  CL. 
.'.  CL,  CM  are  conjugate  diameters. 

The  diagonals  of  any  parallelogram  circumscribed  to  an  ellipse  are  con- 
jugate  diameters. 
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PROPOSITION  XXX. 


QV  is  an  ordinate  of  the  diameter  PGP',  CD  the  diameter 
parallel  to  QV,  then 

QV2 :  PV  .  F V  =  CD2  :  CPS. 


Draw  the  circle  whose  projection  is  the  ellipse,  and  let 
P,  V,  0,  P',  Q,  D  be  the  projections  of  p,  v,  c,  p'y  q,  d. 

Since  CP,  CD  are  conjugate  diameters 

pcd  is  a  right  angle.  [Prop.  28. 

But  qv  is  parallel  to  cd.  [Prop.  7. 

Hence  qv  is  perpendicular  to  cp, 

.'.  qv*=pv  .  p'v,          [Euc.  in.  3  and  35. 
/.  qv*  :  pv  .  p'v  =  cd2  :  cp*, 

but  qv*  :  cd2  =  QV*  :  GL\  [Prop.  7.  . 

pv.p'v:cp*  =  PV.P'V:  CP\  [Prop.  7, 

:  PV.  P'F  =  CD2  :  CP\ 


On  QV  or  QV  produced  is  taken  a  point  R,  such  that  VR:VQ  =  CP\  CD. 
Shew  that  the  locus  of  E  is  an  ellipse,  and  find  the  position  of  its  axes. 
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ELLIPSE. 

PROPOSITION  XXXI. 

In  the  triangles  CPN,  CDR,  CR  :  PN  =  CA  :  CB 
and  ON  :  DR  =  CA  :  CB. 


Draw  the  auxiliary  circle. 

Produce  NP,  RD  to  meet  it  in  p  and  d. 

Join  Cp,  Cd  and  draw  the  tangents  pT,  PT  to  the  circle 
and  ellipse  respectively,  intersecting  on  the  axis.      [Prop.  15. 

Then  PI7  is  parallel  to  CD,  [Prop.  24. 

/.  the  triangles  TNP,  CRD  are  similar, 
/.  TN :  CR  =  NP  :  RD  =  Np  :  Rd,  [Prop.  4. 

and  the  angle  TNp  =  the  angle  CRd, 
.'.  triangles  TNp,  GRd  are  similar,      [Euc.  vi.  6. 

/.  pT  is  parallel  to  Cd, 
.'.  the  angle  pCd  =  angle  CpT  =  &  right  angle, 

therefore  the  angles  NpC,   dCR  are  equal,  each  being  the 
complement  of  angle  pCN, 

:.  the  triangles pNC,  CRd  are  equal  in  all  respects,  [Euc.  I.  26. 

.\pN=CR. 

But  pN:PN=CA:CB, 

.'.  CR:PN=CA  :  CR 
Similarly  CN  :DR  =  CA  :  CB. 


ELLIPSE. 


71 


PROPOSITION  XXXII. 
CP2  +  CD2  =  CA2  +  CB2. 


and 


Draw  the  auxiliary  circle. 
Produce  NP,  RD  to  meet  it  in  p  and  d. 
Join  Cp,  Cd. 

Then  DR2  :  CN2  =  CB2  :  CA2,  [Prop.  31. 

PN2  :  CR2  =  CB2  :  CA2,  [Prop.  31. 

DR2  +  PN2  :  CN2  +  CR2  =  CB2  :  CA2. 

CN2  +  CR2  =  CN2+pN2  =  CA2,         [Prop.  31. 

.- .  DR2  +  PN2  =  CB2. 
CP2  +  CD2  =  CR2  +  CN'2  +  DR2  +  PN2 

+  CB2. 


But 
Now 


PROP.  XXXI. 

If  the  tangent  at  P  meet  the  major  axis  in  T,  and  if  Q  be  the  foot  of 
the  perpendicular  from  C  on  the  tangent,  prove  that 

CQ  .  QT  :  CT2=CN  .  PN  :  CD2. 
Prove  (a)    PG  :  CD  =  CB  :  CA  ; 

(b)  P<j  :  CD  =  CA:CB; 

(c)  PG  .  Pg  =  CD2. 

PROP.  XXXII. 

1.  Find  the  greatest  and  least  values  of  the  sum  of  a  pair  of  conjugate 
diameters. 

2.  CP,  CD  are  conjugate  diameters.    If  PG,  DH  be  the  normals  at  P 
and  D,  prove  that  PG'2  +  DH'2  is  constant. 


72 


ELLIPSE. 


PROPOSITION  XXXIII. 

The  area  of  the  parallelogram  formed  by  tangents  at  the 
extremities  of  a  pair  of  conjugate  diameters  is  constant. 

PF.CD  =  CA.CB. 


Let  QRST  be  the  circumscribing  parallelogram, 
then  its  sides  are  parallel  to  CP  or  CD.  [Prop.  24. 

Draw  the  circle,  whose  projection  is  the  ellipse,  and  let 
p,  c,  d,  q,  rt  &c.  be  the  points  whose  projections  are  P,  C,  D, 
Q,  R,  &c. 

Then  pcd  is  a  right  angle,  because  CP,  CD  are  conjugate 
to  one  another,  [Prop.  28. 

qrst  circumscribes  the  circle,  [Pr°P-  & 

and  its  sides  are  parallel  to  cp  or  cd,  [Prop.  7. 

hence  qrst  is  a  square,  equal  to  the  square  on  the  diameter 
and  constant  in  area. 

Hence  QRST  is  also  constant.  [Prop.  e. 

Again  this  parallelogram  is  equal  to  4>PF .  CD,  but  if 
CP,  CD  are  the  axes,  the  area  is  4  CM.  .  CB, 

:.PF .  CD  =  CA  .  CB. 
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PROPOSITION  XXXIV. 

„  * 

If  two  chords  of  an  ellipse  intersect,  the  rectangles  con- 
tained by  their  segments  are  as  the  squares  of  the  parallel 
semi-diameters. 


u 


Let  QOQ',  UO  Uf  be  the  chords  and  OP,  OR  the  parallel 
semi-diameters. 

Draw  the  circle  whose  projection  is  the  ellipse,  and  let 
q,  o,  q',  &c.  be  the  points  whose  projections  are  Q,  0,  Q',  &c. 

In  the  circle  qo .  oq  =  uo  .  ou,  [Euc.  in.  35. 


and 

but 
and 


,„.» 


cp  =  cr , 

.'.  qo.  oq  :  uo  .  on'  —  cp'  :  cr", 
qo.oq'  :cp*=QO  .  OQ  :  CP\ 
uo.  ou'  \cr*=UO.  OUf  :  CR*, 
QO  .OQ  :  UO  .OU'  =  CP*:  CR2. 


[Prop.  7. 

[Prop.  7. 


PKOP.  XXXIII. 

1.  PG.Pg  =  CD2.     (See  Prop.  18.) 

2.  SP.S'P=CD2. 

3.  CD.SY=BC.SP. 

4.  CD  is  conjugate  to  CP.     If  DQ  be  drawn  parallel  to  SP,  and  CQ 
perpendicular  to  DQ,  prove  that  CQ  is  equal  to  the  semi-axis  minor. 

5.  From  D  tangents  are  drawn  to  the  circle  on  the  minor  axis  as 
diameter.    Prove  that  these  tangents  are  parallel  to  the  focal  distances  of  P. 


74  ELLIPSE. 

PROP.  XXXIV. 

1.  The  tangents  to  an  ellipse  from  an  external  point  are  proportional 
to  the  parallel  semi-diameters. 

2.  If  a  circle  intersect  an  ellipse  in  four  points,  the  chords  of  inter- 
section are  equally  inclined  to  the  axis. 

3.  If  a  circle  touch  an  ellipse  at  the  points  P  and  Q,  shew  that  PQ  is 
parallel  to  one  of  the  axes. 

4.  Deduce  Prop.  3  and  Prop.  30  from  Prop.  84. 

5.  If  PQ,  PQ'  are  chords  equally  inclined  to  the  axis,  prove  that  the 
circle  circumscribing  PQQ'  touches  the  conic  at  P. 


HYPERBOLA. 


DEF.  A  hyperbola  is  the  locus  of  a  point  (P)  whose 
distance  from  a  fixed  point  (S)  bears  a  constant  ratio  (e\ 
greater  than  unity,  to  its  distance  (PM)  from  a  fixed  straight 
line  (XM), 

=  e.PM). 


The  fixed  point  (S)  is  called  the  focus. 

The  fixed  straight  line  (XM)  is  called  the  directrix. 

The  constant  ratio  (e)  is  called  the  eccentricity. 


HYPERBOLA. 
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PROPOSITION  I. 

Construction  for  points  on  the  hyperbola. 
The  perpendicular  on  the  directrix  through  the  focus  is  an 
axis  of  symmetry. 

To  find  the  vertices  A  and  A'. 


From  the  focus  $  draw  SX  perpendicular  to  the  directrix. 
Divide  XS  in  A,  so  that 

SA=e.AX', 
also  in  SX  produced  take  A'  so  that 


Then  A  and  A  are  points  on  the  curve. 

Take  any  point  N  on  the  straight  line  A  A',  with  centre 
$  and  radius  e  .  NX  describe  a  circle,  through  N  draw  PNP' 
perpendicular  to  A  A'  and  cutting  the  circle  in  P  and  P', 
then  P  and  P'  are  points  on  the  hyperbola.  Draw  PM,  P'M' 
perpendicular  to  the  directrix, 

SP  =  e.NX  =  e.PM, 
SP'  =  e.NX=e.PM'. 

Corresponding  to  any  point  N  on  the  line  A  A,  we  thus 
get  two  points  P  and  P'  at  equal  distances  on  opposite  sides 
of  AA'  ',  hence  the  hyperbola  is  symmetrical  with  respect  to 
AA',  or  AA'  is  an  axis,  and  the  points  A  and  A'  are  vertices. 

NOTE.  It  may  be  proved  that  the  circle  intersects  the  perpendicular 
NP,  when  N  is  in  any  part  of  the  axis  A  A',  except  the  part  between  A  and 
A',  hence  the  hyperbola  lies  entirely  outside  the  lines  through  A  and  A'  per- 
pendicular to  the  axis,  but  it  is  infinitely  extended  in  both  directions  (see 
Appendix). 
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HYPERBOLA. 


PROPOSITION  II. 


If  the  chord  PP'  intersects  the  directrix  in  K,  SK  bisects 
the  angle  between  SP  and  SP'. 


Join  SP,  SP',  SK:  produce  PS  to  p,  and  draw  PM,  P'M' 
perpendicular  to  the  directrix. 


Then 


SP  =  e.PM, 
=  e.  P'M'- 


and 


=  PK  :  P'K, 
by  similar  triangles  PKM,  PKM. 

Therefore  SK  bisects  P'Sp.    (Euc.  vi.  A.) 


HYPERBOLA. 


M 
K 


M 


Similarly  if  P  and  P'  are  on  opposite  branches  of  the 
hyperbola  SK  bisects  the  angle  PSP'. 

Prove  that  a  st.  line  cuts  the  hyperbola  in  two  points  only. 


PROP.  I. 

1.  In  any  conic,  if  PR  be  drawn  to  the  directrix  parallel  to  a  fixed 
straight  line,  the  ratio  SP :  PR  is  constant. 

2.  If  an  ellipse,  a  parabola,  and  a  hyperbola  have  the  same  focus  and 
directrix,  the  ellipse  will  be  entirely  on  one  side  of  the  parabola,  and  the 
hyperbola  on  the  other. 

3.  In  any  conic  a  chord  through  the  focus  is  divided  harmonically  by 
the  focus  and  directrix. 


PROP.  II. 

1.  Prove  that  a  straight  line  can  cut  a  conic  in  two  points  only. 

2.  In  any  conic  if  two  fixed  points  PP'  on  the  curve  be  joined  to  a 
variable  point  Q,  and  PQ,  P'Q  meet  the  directrix  in  p,  p't  the  angle  pSp'  is 
constant. 
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HYPEEBOLA. 


PROPOSITION  III. 


If  PN  is  the  ordinate  of  a  point  P  on  the  hyperbola, 

PN2:  AN.A'N 
is  a  constant  ratio. 


Join  PA,  PA'y  and  let  them,  produced  if  necessary,  meet 
the  directrix  at  K  and  K'. 

Join  SP,  SK ,  SK',  and  produce  PS  to  p. 
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By  similar  triangles  PAN,  KAX, 

PN  :  AN=KX  :  AX. 
By  similar  triangles  PA'N,  K'A'X, 

PN  :  A'N=K'X  :  A'X\ 
.;.  PN2  :  AN.A'N  =  KX.K'X  :  AX.A'X. 
But  SK  bisects  the  angle  ASp,  [Prop.  2. 

and  SK'  bisects  the  angle  ASP,  [Prop.  2. 

.'.  KSK'  is  a  right  angle ; 

.• .  KX .  K'X  =  SX* ;  [Euc.  vi.  8. 

.-.  PN*  :  AN.A'N=SX*  :  AX.A'X, 
which  is  a  constant  ratio. 

DBF.     Take  CBZ  :  GA*  in   this  constant  ratio,  drawing 
GB  perpendicular  to  A  A'. 

I.  Then  A  A'  is  called  the  transverse  axis. 

II.  G  is  called  the  centre  of  the  curve, 
in.     CB  is  called  the  semi-conjugate  axis. 
So  that       PN*  :  AN.A'N=CB2  :  GA\ 


PROP.  III. 

1.  PNP'  is  a   double  ordinate   of  an  ellipse.     Find  the  locus  of  the 
intersection  of  AP  and  A'P'. 

2.  In  the  rectangular  hyperbola  (page  81)  PN2  =  AN .  A'N. 

3.  PNP'  is  a  double  ordinate  of  a  rectangular  hyperbola.     Prove  the 
angles  PAP',  PA'P'  are  supplementary. 

4.  The  tangent  at  any  point  P  of  a  circle  meets  a  fixed  diameter  AB 
produced  hi  T.     Shew  that  the  straight  line  through  T  perpendicular  to 
this  diameter  will  cut  AP,  BP  produced  in  points  which  lie  upon  a  certain 
rectangular  hyperbola. 
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HYPERBOLA. 


PROPOSITION  IV. 

If  the  diagonals  of  the  rectangle,  formed  by  perpendiculars 
through  the  extremities  of  the  axes  ACA',  BOB',  be  produced 
indefinitely,  and  the  ordinate  NP  be  produced  both  ways  to 
meet  them  in  p,  p',  the  rectangle  Pp .  Pp'  =  CB2. 

Also  the  curve  continually  approaches  to  each  diagonal 
without  actually  meeting  it,  and  its  distance  from  it  becomes 
ultimately  less  than  any  finite  length. 


Let  parallels  to  the  axes  through  A  and  B  meet  in  R,  and 
let  Pp  meet  the  curve  at  P'. 


Then  PP',pp  are  both  bisected  in  JV; 

.'.pPf=p'P. 

But  PP.  pP'  =  Npz  -  PN* ; 

;.pP.p'P=pN*-PN\ 


[Prop.  1. 


[Euc.  II.  5. 
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Now  pN*  :  ON2  =  AR*  :  GAZ 

=  CB*  :  CA\ 

Again         PN2  :  AN.AN=CB*  :  GA\  [Prop.  3. 

or  PN2  :  CN*-CA*=CB*  :  GA\         [Euc.  II.  6. 

Subtracting    pN*  -  PN2  :  CAZ  =  CBZ  :  GAZ  ; 

/.  pNz  -  PN*  =  OB2  ; 


Since  the  product  pP.p'P  is  constant,  of  which  one 
factor  pP  constantly  increases  therefore  pP  constantly 
diminishes  and  finally  becomes  less  than  any  finite  quantity. 
And  if  Pn  be  drawn  perpendicular  to  OR  the  ratio  Pn  :  Pp 
is  constant,  therefore  Pn  continually  diminishes  and  finally 
becomes  less  than  any  finite  length. 


DEF.  When  a  curve  continually  approaches  to  a  fixed 
straight  line  without  ever  actually  meeting  it,  but  so  that 
its  distance  from  it  becomes  ultimately  less  than  any  finite 
length,  the  line  is  said  to  be  a  rectilinear  asymptote  to  the 
curve. 

DEF.     When  the  asymptotes  of  a  hyperbola  are  at  right  ' 
angles  the  curve  is  called  the  Rectangular  Hyperbola.     In 
the  Rectangular   Hyperbola  the  axes  are  evidently  equal. 
Hence  the  curve  is  sometimes  called  the  Equilateral  Hyper- 
bola. 

(NOTE.    We  shall  use  the  abbreviation  B.H.  for  Eectangular  hyperbola.) 


C.  G. 
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HYPERBOLA. 


PROPOSITION  V. 

The  curve  is  symmetrical  with  respect  to  the  conjugate 
axis,  and  has  a  second  focus  and  directrix. 

Also  all  chords  passing  through  C  are  bisected  at  C. 


n 


B 


c 


XA 


Draw  the  ordinate  PN  and  take  CN'  =  ON. 

Since  P  is  on  the  hyperbola,  GN  is  >  CA  ; 

/.  CN'is>CA'; 

therefore  a  perpendicular  through  N'  will  cut  the  hyperbola. 
Let  it  cut  it  in  P'. 

Then   P'N"  :  AN'.A'N'  =  PN*  :  AN.A'N.    [Prop.  3. 
But  A'N9  =  ANwriLAN'  =  A'N\ 

:.  AN'..  A'N'  =  AN.A'N; 


.-.  FN'  =  PN. 
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Join  PP',  cutting  CB  or  CB  produced  in  n. 

Therefore  P'nP  is  parallel  to  the  axis,  and  therefore  per- 
pendicular to  BC,  and  Pn  =  P'n. 

Hence  corresponding  to  any  P  on  the  hyperbola,  there  is 
another  point  P1  on  the  hyperbola  on  the  opposite  side  of 
CB,  such  that  PP'  is  bisected  at  right  angles  by  CB,  or  the 
hyperbola  is  symmetrical  with  respect  to  the  conjugate  axis. 

If  we  take  CS'  equal  to  CS,  and  CX'  equal  to  CX,  and 
through  X'  draw  a  line  perpendicular  to  A  A',  the  hyperbola 
can  be  described  with  this  line  as  directrix,  S'  as  focus,  and 
eccentricity  the  same  as  before. 


PKOP.  VI.     (See  page  84.) 

1.  If  an  asymptote  meets  the  directrix  in  E,  CE=CA,  and  GES  is  a 
right  angle. 

2.  If  Pp  be  drawn  parallel  to  an  asymptote  to  meet  the  directrix  in  p, 
Pp  =  SP. 

3.  Having  given  the  transverse  and  conjugate  axis,  find  the  focus  and  J 
directrix. 

4.  The  circle  on  AA'  as  diameter  cuts  the  directrices  in  the  same  points 
as  the  asymptotes. 


6—2 
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HYPERBOLA. 


PROPOSITION  VI. 


'S'          A' 


X' 


Because  A  and  A'  are  points  on  the  hyperbola  ; 

.-.  SA  =  e.AX, 
'  =  e.A'X 


By  subtraction, 


[Def. 

[Def. 


A  A'  =  e  .  XX  ', 
.-.  CA=e.CX 


(a). 


By  addition, 


=  e.CA 


(13). 
(7). 


NOTE.  In  this  figure  the  eccentricity  is  about  2-2,  in  the  figure  of  prop.  5 
the  eccentricity  is  only  !•!,  the  student  should  observe  the  effect  of  this  on 
the  relative  positions  of  S,  A,  X,  and  on  the  general  shape  of  the  curve.  In 
this  figure  C£  =  2  .  GA  ;  in  the  figure  of  the  last  proposition  CA  =  2  .  CB. 


HYPERBOLA. 
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PROPOSITION  VII. 


S'P  ~  SP  —  A  A.     Mechanical  construction  for  hyperbola. 


Draw  PMM'  perpendicular  on  the  directrices. 
Then  SP  =  e.  PM9 


and 


.'.  S'P~SP  =  e.MM' 
=  e  .  XX' 
=  AA. 
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HYPERBOLA. 


PROPOSITION  VII.  (continued). 


Hence  the  mechanical  construction, 

S'K  is  a  bar  of  wood  hinged  at  $',  and  SPK  a  string 
stretched  tight  at  P  and  fastened  at  8  and  K. 


also 


S'P  +  PK  =  constant, 

SP  +  PK  =  constant, 

.-.  S'P  -  SP  =  constant. 


PROP.  VII. 

1.  The  locus  of  the  centre  of  a  circle  which  touches  two  fixed  circles  is 
an  ellipse  or  hyperbola. 

2.  Given  one  focus  of  an  ellipse  and  two  points  on  the  curve,  the  locus 
of  the  other  focus  is  an  hyperbola. 

NOTE.  The  figures  of  this  chapter  have  been  drawn  by  using  a  wooden 
cone  cut  by  a  plane  perpendicular  to  the  base.  See  prop.  3  of  the  next 
chapter. 


HYPERBOLA. 
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PROPOSITION  VIII. 


Off  =  OS*  -  CA*  =  8A  .  SA'. 


B 


CS  :  CA  =  8A  :  AX,  [Prop.  6. 

/.  CS+CA  :  OA=SA+AX  :  AX 

=  SX  :  AX    (1). 

CS  :  CA  =  SA'  :  A'X,  [Prop.  6. 

.-.  CS-CA  :  GA=SAf-A'X  :  A'X 

=  SX  :  A'X  (2). 

Therefore,  multiplying  (1)  and  (2)  together, 
CS2-CA*  :  CA*  =  SX*  :  AX. A'X 

=  CB*  :  CA*',          ,       [Prop.  3. 
.-.  CS2  -  CA2  --;CB*  =  AS.  A'S.        [Euc.  n.  5. 


PROP.  VIII. 

1.  In  the  K.  H.  e  =  ^2 ,  CS2 = 2 A  <72  and  CS = 2 GX. 

2.  If  the  asymptote  meet  the  directrix  in  E,  and  the  tangent  at  the 
vertex  in  H,  SE  =  BC,  and  SH  is  parallel  to  AE. 
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HYPERBOLA. 


The  latus  rectum  (LLr)  is  the  double  ordinate  through 
the  focus. 


PROPOSITION  IX. 


L 

/ 

1  JA-                 c 

(A 
E 

S 

\ 

But 


SZ2  :  AS.A'S^CB*  :  CA\ 

AS.A'S 

.'..SL*  :  CB* 

.'.  SL  :  CB 

.'.  SL.GA 


CBZ  : 
CB  :  CA  • 
GB\ 


[Prop.  3. 
[Prop.  8. 


PROP.  IX. 

1.  Prove  this  Prop,  by  means  of  props.  6  and  8. 

2.  In  then.H.  SL=CA. 


HYPERBOLA. 
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PROPOSITION  X. 

If  the  tangent  at  P  meets  the  directrix  in  Z,  PSZ  is  a 
right  angle. 

Also  tangents  at  the  ends  of  a  focal  chord  intersect  on 
the  directrix. 


Take  a  point  P'  on  the  hyperbola  near  to  P,  and  let  the 
chord  PP'  meet  the  directrix  in  K,  and  produce  PS  to  p. 
Then  KS  bisects  the  angle  P'Sp.  [Prop.  2. 

When  P'  coincides  with  P  (as  in  figure  2),  so  that  PP'K 
becomes  the  tangent  PZ,  and  SK  coincides  with  SZ,  P'Sp 
becomes  two  right  angles;  and  PSZ  is  a  right  angle. 

Hence  ZSp  is  a  right  angle,  and  Zp  is  the  tangent  at  p, 
or  the  tangents  at  P  and  p  intersect  on  the  directrix. 

PROP.  X. 
If  ZP,  Zp  meet  latus  rectum  produced  in  D  and  d,  prove  SD  =  Sd. 
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HYPERBOLA. 


PROPOSITION  XL 

If  ike  normal  at  P  intersects  the  transverse  axis  in  G, 

=  e.SP. 


Draw  the  tangent  PZ,  join  SZ,  draw  PM  perpendicular 
to  the  directrix,  and  join  8M. 

ZMP  and  ZSP  are  right  angles.;  [Prop.  10. 

therefore  the  circle,  on  ZP  as  diameter,  passes  through  M 
and  S.  [Euc.  in.  31. 

Since  ZPG  is  a  right  angle,  PG  touches  the  circle. 

[Euc.  in.  16. 

Therefore  the  angle  SPG  =  angle  SMP  in  the  alternate 
segment.  [Euc.  in.  32. 

Also  angle  GSP  =  angle  8PM.  [Euc.  I.  29. 

Therefore  the  triangles  SPG,  PMS  are  similar ; 
.'.  8G  :  SP=SP  :  PM- 
=  e.SP. 


HYPERBOLA. 
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PROPOSITION  XII. 

The  tangent  and  normal  to  a  hyperbola  at  any  point  P 
are  respectively  the  internal  and  external  bisectors  of  the 
angle  between  the  focal  distances. 


G 


Let  TP  be  the  tangent  and  PG  the  normal,  meeting 
the  transverse  axis  in  T  and  G. 

SG  =  e.SP,  [Prop.  11. 

and  S'G  =  e.S'P; 

/.  SG  :  S'G  =  SP  :  &"P; 
therefore  PG  bisects  the  angle  SPS'  externally.      [Euc.  vi.  A. 

Therefore  the  complements  SPT,  S'PT  are  equal,  and 
PT  bisects  the  angle  SPS'  internally. 

NOTE.    Compare  this  with  prop.  13  of  the  ellipse. 

PROP.  XII. 

1.  Given  one  focus  of  an  hyperbola,  one  point  and  the  tangent  at  the 
point,  find  the  locus  of  the  other  focus. 

2.  If  an  ellipse  and  hyperbola  have  the  same  foci,  they  intersect  at 
right  angles. 
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HYPERBOLA. 


PROPOSITION  XIII. 

The  feet  of  the  perpendiculars  (SY,  S'Y')  from  the  foci 
on  the  tangent  at  P  are  on  the  circle  described  on  AA'  as 
diameter. 

Also  if  CE,  parallel  to  the  tangent  at  P,  intersects  S'P 
in  E,  PE  =  CA, 

Also  SY .  S'Y'  =  CB2. 


Produce  SY  to  meet  S'P  in  W.     Join  OF. 
In  the  triangles  FP$,  FPTF,  FP  is  common,  right  angles 
PF£,  PFFare  equal,  angle  YPS  =  angle  FPTf ;  [Prop.  12. 

.-.  £F=  FTF,  SP  =  PW;  [Euc.  i.  26. 

therefore  8"W  is  parallel  to  OF;  [Euc.  vi.  2. 

[Euc.  vi.  4. 
=  ±(S'P-SP) 

[Prop.  7. 


therefore  F  is  on  the  circle  on  AA'  as  diameter. 

Similarly,  F'  is  on  the  auxiliary  circle. 
Also  YCEP  is  a  parallelogram ;  therefore 

PE=CY=CA. 

Let  Y'S'  meet  the  circle  in  y  and  join  Fy. 
Then,  YY'y  being  a  right  angle,  Yy  passes  through  the 
centre  G,  [Euc.  in.  31. 

SY=S'y,  [Euc.  i.  4. 

/srr^/sfy.ST' 

^S'.SM'  [Euc.  m.  35. 

=  OS2.  [Prop.  8. 


HYPERBOLA. 

PROPOSITION  XIV. 

If  the  tangent  at  P  meets  the  transverse  axis  in  T, 

ON .  CT  =  CA2. 
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Draw  PMM'  perpendicular  to  the  directrices. 
Join  SP,  ST. 

Then,  V  PT  bisects  the  angle  SPS' ;          [Prop.  12. 

.-.  ST  :  S'T=SP  :  S'P  [Euc.  vi.  A. 

:  P'M 
:  NX'-, 

:.  ST  +  S'T  :  S'T~ST=NX  +  NX'  :  NX'~NX; 

.'.  2CS  :  2CT=2GN  :  2CX; 

.'.  CN.CT=CS.CX 

=  GA\  [Prop.  6. 

PROP.  XIII. 
The  riders  on  page  52  except  No.  8  are  also  true  for  the  hyperbola. 

PROP.  XIV. 

1.  Prove  prop.  16  of  the  ellipse  by  this  method. 

2.  If  Tp  be  drawn  perpendicular  to  the  axis  to  meet  the  auxiliary  circle 
in  p,  prove  that  Np  is  a  tangent  to  the  circle. 

3.  Prove  CN.NT=AN. NA'. 
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HYPERBOLA. 


PROPOSITION  XV. 

If  the  tangent  at  P  meets  the  conjugate  axis  produced  in  t, 
and  Pn  is  the  perpendicular  from  P  on  the  conjugate  axis, 

On  .  Ct  =  CB2. 


Draw  the  ordinate  PN. 
Then,  by  similar  triangles, 

TN  :  CT=PN  :  Ct. 
.'.  TN.CN  :  CN.CT  =  PN2  :  Ct.PN; 

'.'.  TN.CN  :  CAZ  =  PNZ  :  Ct.Cn.     [Prop.  14. 

But  TN.  CN  =  GNZ  -CT.CN 

=  ON*  -  CA2  [Prop.  14. 

=  AN.A'N;  [Euc.  II.  5. 

.-.  AN.A'N  :  CA*  =  PN2  :  Ct.Cn. 
Therefore,  alternately, 

AN.A'N  :  PN*  =  CA2  :  Ct.Cn. 

But  AN.A'N  :  PN2  =  CA*  :  CB2,  [Prop.  3. 

/.  Ct.Cn  =  CB2. 


HYPERBOLA. 
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PROPOSITION  XVI. 

If  PF  is  the  perpendicular  from  P  on  a  line  through  C 
parallel  to  the  tangent  at  P,  and  if  the  normal  at  P  meets  the 
conjugate  axis  in  g,  then 

PF  .  PG  =  CB2  and  PF  .  Pg  =  CA2. 


Draw  RPN,  Prn,  perpendiculars  on  the  axes  meeting 
CF  in  E  and  r,  and  let  the  tangent  at  P  meet  the  axes  in 
T  and  t. 

Then  since  the  angles  at  N  and  F  are  right  angles,  there- 
fore a  circle  passes  round  GNFR.  [Euc.  in.  22. 

Therefore  PG.PF=  PN .  PR  [Euc.  in.  35. 

=  Cn.Ct  =  CB*.  [Prop.  15. 

Again,  because  the  angles  at  F  and  n  are  right  angles, 
therefore  a  circle  passes  round  gFrn ; 

.'.  PF.Pg  =  Pn.  Pr  [Euc.  in.  36. 

=  CN .  CT  =  CA\  [Prop.  14. 

NOTE.    It  will  be  seen  afterwards  that  the  line  CFR,  referred  to  in  the 
enunciation,  is  the  diameter  CD  conjugate  to  CP. 
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HYPERBOLA. 


PROPOSITION  XVII. 

NO  :  CN  =  CB2  :  CA2  and  CG  =  e2 .  ON. 


Produce  GP  to  meet  the  conjugate  axis  in  g. 

Then  NG  :   CN  =  PG  :  Pg  [Euc.  vi.  2. 

=  PG.PF  :  Pg.PF 
=  CB*  :  CA*.  [Prop.  16. 

Again,  since       NG  :  CN=CB*  :  CA*  ; 

/.  CN+NG  :  CN=^CA*+CB2  :  CA*; 

.'.  CG  :  CN=  CS*  :  CA2  [Prop.  8. 

=  e*  :  1.  [Prop.  6. 


PROP.  XVII. 

1.  Prove  that  CG  .  Cn  :  Cg  .  CN=BC*  :  AC2. 

2.  In  the  E.  H.  prove  (a)    CN=NG, 

(6) 


HYPERBOLA. 
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PROPOSITION  XVIII. 

If  from  any  point  0  on  the  tangent  at  P,  01  is  drawn 
perpendicular  to  the  directrix,  and  OU  perpendicular  to  SP> 
then  SU  =  e .  01  (Adams's  property). 


to  OU. 


Join  SZ,  and  draw  PM  perpendicular  to  the  directrix. 
Then  since  the  angle  ZSP  is  a  right  angle,  ZS  is  parallel 


/.  SU  :  SP  =  ZO  :  ZP 
'=  01  :  HP. 
:.  SU  :  OI  =  SP  :  MP 

—  e\\. 
.-.  SU=e.OL 


If  0  be  a  point  on  the  tangent,  such  that  OQQ',  drawn  perpendicular 
to  the  transverse  axis,   meets  the  curve  in  Q  and  Q',  then  SU=SQ  and 
=  OQ .  OQ'.     See  ellipse  prop.  20,  figure  2. 

C.  G.  7 
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HYPERBOLA. 


PROPOSITION  XIX. 

To  draw  a  pair  of  tangents  OQ,  OQ'  to  a  hyperbola  from 
an  external  point  O. 


z' 


Draw  01  perpendicular  to  the  directrix.  With  centre  8 
and  radius  e .  01  describe  a  circle,  and  draw  0 U,  OUf  tan- 
gents to  it  from  0. 

Draw  SZ  perpendicular  to  SU  meeting  the  directrix  in  Z. 
Join  ZO  and  produce  it  to  meet  SU  in  Q.  Draw  QN  per- 
pendicular to  the  directrix. 

Then  SQ  :  SU=QZ  :  OZ 

=  QN  :  07; 
/.  SQ  :  QN=SU  :  01  =  e  :  1; 

therefore  Q  is  on  the  hyperbola. 

And  since  QSZ  is  a  right  angle,  therefore  OQ  is  the 
tangent  to  the  hyperbola  at  Q.  [Prop.  10. 

So  by  drawing  SZ'  perpendicular  to  S Uf,  and  joining  OZ' 
and  producing  it  to  meet  SU'  in  Q',  OQ'  is  the  other  tangent. 

NOTE.     This  problem  is  solved  by  the  principles  of  Proposition  18,  but 
a  construction  could  also  be  founded  on  Propositions  12  or  13. 
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PROPOSITION  XX. 

Tangents  OQ,  OQ'  subtend  equal  or  supplementary  angles 
OSQ,  OSQ'  at  the  focus  S  according  as  Q,  Q'  are  on  the  same 
or  opposite  branches  of  the  hyperbola. 


Draw  01  perpendicular  to  the  directrix. 

Join  OS,  SQ,  SQ,  and  draw  OU,  OU'  perpendiculars  on 

SQ,  SQ. 

Then  SU=e.OI  =  SU'.  [Prop.  1 8. 

Therefore   the  triangles   OSU,    OSU'    are   equal   in   all 
respects.  [Euc.  I.  26. 

Therefore  the  angle  OSU=  angle  OSU'. 
Therefore,  in  fig.  1,  angle  OSQ  =  angle  OSQ' ; 
And,  in  fig.  2,  angles  OSQ,  OSQ'  are  supplementary  angles. 
NOTE.    If  O  lies  between  the  directrices,  use  the  left-hand  part  of  fig.  1. 

7—2 
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HYPERBOLA. 


PROP.  XX. 


1.  The  portion  of  any  tangent  intercepted  between  the  tangents  at  the 
vertices  subtends  a  right  angle  at  either  focus. 

2.  The  locus  of  the  centre  of  the  inscribed  circle  of  the  triangle  SPS'  is 
a  straight  line. 

3.  In  any  conic  the  chord  of  contact  QQ'  is  divided  harmonically  by  SO 
and  the  directrix. 


PROPOSITION  XXI. 


OQ,  OQ'  are  inclined  at  equal  or  supplementary  angles 
to  OS,  OS'  according  as  Q,  Q'  are  on  opposite  or  the  same 
branches  of  the  hyperbola. 

Case  1.  Join  SQ,  SQ,  S'Q,  S'Q,  and  produce  QS  to  W, 
and  let  SQ'  meet  S'Q  in  K. 


Then,          angle  SOQ  =  OSW  -  OQS  [Euc.  I.  32. 

=  %QSW-±S'QS    [Props.  20,  12. 

[Euc.  i.  32. 


Similarly, 


S'OQ  = 


=  S'OQf. 
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Case  2. 


80Q  =  ISO0  -  OSQ  -  OQS 
=  180° 
=  180° 

Again,      S'OQ'  =  180°  -  OQ'S'  -  O&Q' 


[Euc.  i.  32. 

[Props.  20,  12. 

[Euc.  I.  32. 

[Euc.  i.  32. 

[Props.  12,  20. 

[Euc.  I.  32. 


In  Case  2  the  point  0  lies  within  one 
of  the  two  angles  between  the  asymptotes, 
which  contain  the  two  branches  of  the 
hyperbola ;  in  Case  1  0  lies  within  one  of 
the  other  two  angles  between  the  asymp- 
totes. 

Also  the  nature  of  the  proof  depends 
slightly  upon  whether  0  lies  between  the 
directrices  or  not.  For  Case  1  in  the  text 
the  point  0  is  between  the  directrices ;  in 
this  figure  it  is  not  so,  and  K  consequently 
lies  in  S'Q  produced. 

Again,  the  two  positions  of  0,  given  in 
prop.  20,  figure  1,  will  supply  opposite 
examples  of  Case  2. 
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HYPERBOLA. 


DEF.  A  hyperbola  which  has  CB  and  CA  for  trans- 
verse and  conjugate  axes  respectively  is  called  the  conjugate 
hyperbola. 

NOTE.     The  conjugate  hyperbola  has  the  same  asymptotes  as  the  original 
hyperbola,  because  they  are  diagonals  of  the  same  rectangle.  [Prop.  4. 


PROPOSITION  XXII. 


If  through  any  point  P  on  the  curve  a  line  be  drawn 
parallel  to  CA  or  CB,  meeting  the  asymptotes  in  p,  p',  the 
rectangle  Pp .  Pp'  is  =  to  the  square  on  CA  or  CB  respectively. 
The  same  is  true  if  P  be  on  the  conjugate  hyperbola. 


Case  1.     Draw  Ppp  parallel  to  CA,  meeting  CB  in  n. 
Then         PN*  :  CN2  -  CA2  =  CB2  :  CAZ ;  [Prop.  3. 

/.  On*  :  Pn*  -  CA*  =  CP  :  CA\ 
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Also         Cn*  :  pn*  =  CB*  :  Baz 

.'.  Pn*  -  CA* 


pn 
CA*; 
or  Pp .  Pp' =  CA*. 


CB*  :  OA2- 
* 


Case  2.     Draw  Ppp'  parallel  to  CB. 
Then  Pp .  Pp'  =  CB2. 


[Prop.  4. 
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HYPERBOLA. 


Cases  3  and  4. 


that 


Since  it  has  been  proved  for  both  axes  of  the  hyperbola 


Pp .  Pp'  =  CA*  or  CB*  respectively, 


therefore  it  is  also  true  if  P  be  on  the  conjugate  hyperbola, 
as  in  the  figures  below. 


PROP.  XXIII. 

QQ'  is  a  chord  of  a  hyperbola  parallel  to  the  tangent  at  P.     Pp,  Qq,  Q'q' 
are  drawn  parallel  to  one  asymptote  and  terminated  by  the  other. 
Prove  Cq.Cq'  =  Cp*. 


HYPERBOLA. 


PROPOSITION  XXIII. 
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If  through  any  two  points  P,  Q  on  the  curve  or  its  conjugate 
two  parallel  straight  lines  be  drawn  to  meet  the  asymptotes  in 
p,  p' ;  q,  q'  respectively,  the  rectangle 

Pp .  Pp'  =  Qq .  Qq'. 


First  let  P  and  Q  be  on  the  same  branch  of  the  hyperbola. 

Through  P  and  Q  draw  lines  parallel  to  the  conjugate 
axis,  CB  meeting  the  asymptotes  in  u,  uf ;  w,  w'. 

By  similar  triangles, 

Pp  :  Pu  =  Qq  :  Qw, 
and  Pp'  :  Pur  =  Qq'  :  Qw'. 

Therefore,  by  multiplying, 

Pp.Pp'  :  Pu.Pu'  =  Qq.Qq'  :  Qw.Qw'. 

But  Pu .  Pu'  =  CB*  =  Qw .  Qw' ;  [Prop.  22. 

.'.  Pp .  Pp'  =  Qq .  Qq'. 

The  same  argument  applies  whether  Q  be  on  the  hyper- 
bola or  its  conjugate;  both  cases  are  shewn  on  the  figure. 

NOTE.  Through  the  centre  draw  CD  parallel  to  Qq  or  Pp,  meeting  the 
curve  or  its  conjugate  at  D,  then  applying  this  proposition  to  the  points  Q 
and  D, 

=  DC.DC=CD*. 
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PROPOSITION  XXIV. 

If  any  straight   line   cut  the  curve  in   Q,  Q',  and   the 
asymptotes  in  qq',  Qq  =  Q'q' ; 

And  if  the  tangent  rPr'  meet  the  asymptotes  in  r  and  r', 

T*k  "I™*       / 


Qq.Qq'  =  Qq'.Q'q',  [Prop.  23. 

.  QQ'  +  Qq  .  Qq  =  Qq  ,  QQ'  +  Qq  •  Qq  ; 


Let  QQ'  move  parallel  to  itself  until  it  becomes  the  tan- 
gent at  P. 

Since  Qq  =  Q'q  always  ; 

=  Pr'. 


NOTE.     QQ'  may  be  on  opposite  branches  of  the  hyperbola,  in  this  case 
there  is  not  a  tangent  to  this  hyperbola  parallel  to  QQ'. 

PROP.  XXIV. 

1.  The  same  is  true  if  qq'  be  on  the  conjugate  hyperbola. 

2.  If  the  normal  at  P  meet  the  axes  in  G,  g  ;  G,  g,  r,  r'  lie  on  a  circle 
passing  through  the  centre. 


HYPERBOLA. 
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PROPOSITION  XXV. 

The  locus  of  the  middle  points  of  a  system  of  parallel 
chords  is  a  straight  line  passing  through  the  centre; 

And  the  tangent  at  either  end  of  the  straight  line  is  parallel 
to  the  chords. 


Let  QQ',  EE',  &c.  be  a  system  of  parallel  chords  meeting 
the  asymptotes  in  q,  q' ;  e,  er ;  &c. 

Draw  GV  bisecting  QQ'  in  F. 

Then  GV  also  bisects  qq',  because  Qq  —  Qq.        [Prop.  24. 
Therefore,  by  similar  triangles,  G  V  bisects  eef. 
Therefore  it  bisects  EE' ;  because  Ee  =  E'e'.      [Prop.  24. 
Therefore  CV  bisects  all  chords  parallel  to  QQ. 

Let  GV  meet  the  curve  in  P,  and  let  QQ  move  parallel 
to  itself  towards  P. 

Then,  since  QQ  is  always  bisected  by  CPV,  Q  and  Q 
ultimately  coincide  with  P ;  therefore  the  tangent  at  P  is 
parallel  to  the  system  of  parallel  chords  bisected  by  CPV. 
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DEF.  A  straight  line  (GP)  passing  through  the  middle 
points  of  a  system  of  parallel  chords  is  called  a  diameter. 

DEF.  A  straight  line  (QV)  drawn  from  any  point  on  the 
curve  parallel  to  the  tangent  at  the  extremity  of  the  diameter 
(PGP1)  is  called  the  ordinate  to  the  diameter. 

N.B.     If  the  diameter  is  the  transverse  axis,  the  ordinate  has  the  usual 
meaning. 

NOTE.     The  length  of  that  portion  of  a  diameter,  which  is  intercepted  by 
the  hyperbola  or  its  conjugate,  is  sometimes  called  the  diameter. 


PROPOSITION  XXVI. 

If  one  diameter  bisects  chords  parallel  to  a  second,  then 
the  second  diameter  bisects  chords  parallel  to  the  first. 


Let  GP  bisect  QQ  in  F  and  draw  CD  parallel  to  QQ. 
Produce  QQ  to  meet  the  asymptotes  in  q,  q'. 

Through  q  draw  RqUr'R  parallel  to  GP,  meeting  the 
curve  in  R  and  R,  and  the  asymptotes  in  q,  r,  and  CD  in  U. 

Then,  because  Qq  =  Q'q',  therefore  qq'  is  bisected  in  F; 
and  GV  is  parallel  to  qr', 

:.  Gr'  =  G(f\  [Euc.  vi.  2. 

/.  r'U  = 
and  Rq  is  equal  to  R'r, 


[Euc.  vi.  2. 


therefore  GD  bisects  all  chords  parallel  to  GP. 


[Prop.  24. 
[Prop.  25. 


HYPERBOLA. 


109 


PROPOSITION  XXVI.     (Aliter.) 

If  one  diameter  bisects  chords  parallel  to  a  second,  then 
the  second  diameter  bisects  chords  parallel  to  the  first. 


Draw  AQ  parallel  to  CD,  meeting  CP  in  V. 
Join  A'Q  cutting  CD  in  W. 

Since  AQ  is  bisected  in  Fand  A  A'  in  (7;  therefore  A'Q 
is  parallel  to  CP. 

And  because  CD  is  parallel  to  AQ,  therefore  A'Q  is 
bisected  in  W. 

Therefore  CD  bisects  the  chord  A'Q  parallel  to  CP. 
Therefore  CD  bisects  all  chords  parallel  to  CP. 

DBF.     If  two  diameters  are  so  related  that  each  bisects 
chords  parallel  to  the  other,  they  are  called  conjugate  diameters. 

NOTE.    Of  two  conjugate  diameters  one  will  meet  the  hyperbola,  and  the 
other  the  conjugate  hyperbola. 
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HYPERBOLA. 


DEF.  Chords  (QP,  QP')  which  join  any  point  (Q)  on  a 
hyperbola  to  the  extremities  of  a  diameter  (PCP')  are  called 
supplemental  chords. 


PROPOSITION  XXVII. 


Supplemental  chords  are  parallel  to  conjugate  diameters. 


Draw  the  diameters  CL,  CM  parallel  to  the  supplemental 
chords  P'Q,  PQ  cutting  them  in  W  and  V. 


Then 


PV  : 


:  IP- 


[Euc.  VI.  2. 


.'.  CL  bisects  PQ,  and  all  other  chords  parallel  to  CM. 

[Prop.  25. 

Similarly  CM  bisects  all  chords  parallel  to  CL ;  therefore 
CL,  CM  are  conjugate  diameters. 


HYPERBOLA.  Ill 

PROPOSITION  XXVIII. 

Tangents  to  the  hyperbola  and  its  conjugate  at  their  inter- 
sections with  conjugate  diameters  PGP',  BCD'  form  a  paral- 
lelogram, whose  angular  points  are  on  the  asymptotes. 

Also  PD  is  bisected  by  one  asymptote  and  is  parallel  to 
the  other. 


Draw  the  tangent  rPr'  meeting  the  asymptotes  in  r  and  r' ' . 

Join  CD. 

Then  since  CD  is  conjugate  to  CP, 

.' .  CD  is  parallel  to  rr. 

Therefore,  by  Prop.  23,  observing  that  DC  meets  both 
the  asymptotes  in  (7, 

DC2  =  Pr .  Pr'  =  Pr* ;  [Prop.  24. 

.'.  DC '  =  Pr  and  is  parallel  to  it ; 

/.  rD  is  parallel  to  CP ;  [Euc.  I.  33. 

.'.  rD  is  the  tangent  at  D.  [Prop.  25. 

Similarly  the  tangents  at  D  and  P'  meet  on  the  asymp- 
totes, and  the  four  tangents  form  a  parallelogram  with  its 
angular  points  on  the  asymptotes. 

Join  PD,  and  let  rD  meet  the  other  asymptote  in  k. 
Then  rP  =  Pr, 

and  rD  =  Dk ; 

.*.  PD  is  parallel  to  Icr , 
and  CPrD  is  a  parallelogram, 

.'.  PD  is  bisected  by  the  asymptote. 
For  riders  see  page  113. 
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PROPOSITION  XXIX. 

Straight  lines  through  P  and  D  parallel  to  the  axes  form 
a  rectangle  with  two  angular  points  on  one  of  the  asymptotes. 


Draw  Pp  parallel  to  CB,  meeting  the  asymptote  in  p ; 
and  join  pD. 

Let  AB,  PD  intersect  the  asymptote  at  K  and  o, 
then  AB  and  PD  are  both  bisected  by  the  asymptote,  and 
they  are  parallel  to  one  another  (Prop.  28)  ; 

Hence  poP,  aKA  are  similar  triangles. 
/.  Pp  :  Aa  =  Po  :  AK 

=  PD  :  AB.  [Prop.  28. 

And  angle  pPD  =  angle  aAB. 

Therefore  the  triangles  pPD,  aAB  are  similar. 

[Euc.  vi.  6. 

Therefore  pD  is  parallel  to  aB,  i.e.  to  CA. 

Similarly,  if  Dd  be  drawn  parallel  to  CB, 
Then  Pd  is  parallel  to  CA. 
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PROPOSITION  XXX. 


Draw  the  ordinates  PN,  DR  to  the  axes  and  produce 
them  to  meet  in  p,  then  p  lies  on  the  asymptote  (Prop.  29). 

Then  CB*  =  pN2  -  PN2  [Prop.  24. 

=  (7/  -  CP\  [Euc.  I.  47. 


Also 


[Prop.  24. 
[Euc.  i.  47. 


PBOP.  XXVIII. 
In  the  R.  H.  prove 

1.  CP=CD  and  the  asymptotes  bisect  the  angle  between  any  pair  of 
conjugate  diameters. 

2.  CP  and  CD  make  complementary  angles  with  the  axes. 

3.  Diameters  at  right  angles  are  equal. 

4.  The  angle  between  any  two  diameters  is  equal  to  the  angle  between 
their  conjugates. 

5.  The  angles  subtended  by  any  chord  at  the  extremities  of  a  diameter 
PP'  are  equal  or  supplementary. 

6.  If  a  B.H.  circumscribe  a  triangle,  the  locus  of  the  centre  is  the  nine- 
point  circle. 

C.  G.  8 
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HYPERBOLA. 


PROPOSITION  XXXI. 

If  any  tangent  rPr'  to  the  hyperbola  meet  the  asymptotes  in 
T  and  r',  the  parallelogram  CPrD  is  constant, 

(or  PF  .  CD  =  AC  .  BC). 

• 

Also  the  triangle  rCr7  is  constant. 


Draw  Aa,  Ba  parallel  to  the  axes,  meeting  the  asymptote 


in  a. 


Draw  the  double  ordinate  through  P  meeting  the  asymp- 
totes in  p,  p'. 

Complete   the   parallelogram   DpPd.     Join  DP  cutting 
the  asymptote  in  o.     Join  AB. 

Then         A  DCP  :  A  DpP=Co  :  op 

=p'P  :  Pp.  [Euc.  vi.  2. 

Again,      A  BCA  :   &DpP  =  BC*:Ppz         [Euc.  vi.  19. 

=  Pp .  Ppf  :  Pp*       [Prop.  22. 

=  Pp'  :  Pp; 


HYPERBOLA. 


.'.  trianle  DCP  =  trianle  BOA. 
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.'.  parallelogram  CPrD  =  parallelogram  CAaB,  which  is 
constant. 


Or 


PF.CD  =  AC.BC.    [See  fig.  of  Prop.  16. 


Also  the  triangle  rCr  =  parallelogram  CPrD,  for  they  are, 
each  of  them,  a  quarter  of  the  parallelogram  formed  by  the 
tangents  at  P,  D,  P',  D'. 

Therefore  the  triangle  rCr'  is  constant. 


PROP.  XXXI. 

1.    If  Po,  Po'  be  drawn  respectively  parallel   to   one  asymptote  and 
terminated  by  the  other,  Po  .Po'rr 


2.  If  the  two  asymptotes  and  a  point  on  the  curve  be  given  in  position, 
find  the  axes  and  foci. 

3.  Two  tangents  to  an  hyperbola  meet  the  asymptotes  in  R,  r,  T,  t 
respectively.    Prove  Et  parallel  to  rT. 

4.  In  the  R.  H.  if  GZ  be  drawn  perpendicular  to  the  tangent  at  P,  prove 
that  GZ  .CP=CA2. 
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PROPOSITION  XXXII. 

Q  V  is  an  ordinate  of  the  diameter  PCP',  CD  the  diameter 
parallel  to  QV.     Then 

QV2  :  P V .  P'V  =  CD2  :  CP2. 


Let  QV  meet  the  asymptotes  in  q,  q'.    Draw  the  tangents 
at  P,  Dy  meeting  the  asymptotes  in  r.     (Prop.  28.) 

CD*  =  Qq .  Qq'  [Prop.  23. 


Then 


Also  PV.P'V=CV*-CP*. 

But,  by  similar  triangles,  CPr,  CVq\ 

CV*-GP*  :  CP*  =    V2-Pr2  :  Pr 


.;.  PV.P'V  :  CP*  =  QV*  :  CD*. 

Alternando.     QV*  :  PV.P'V=CD*  :  CP*. 
In  the  B.H.  gF2  =  PF.  P'V. 
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PROPOSITION  XXXIII. 

Tangents  at  the  ends  of  any  chord  meet  on  the  diameter 
which  bisects  the  chord. 


R 


C 


vv 


Let  QQ',  RR  be  two  parallel  chords,  join  RQ,  R'Q'  and 
produce  them  to  meet  in  0. 

Bisect  QQ  in  V,  and  let  0  V  produced  meet  RR  in  W. 
By  similar  triangles, 

QV  :  .RTF  =  OF  :  OW 

=  QV  :  JR'.TF, 
but  QF=Q'F, 


Since  VW  bisects  the  parallel  chords  QQ,  RR  it  is  a 
diameter  passing  through  the  centre  C.  [Pr°P-  25. 

Let  R,  R  move,  up  to  and  ultimately  coincide  with  Q,  Q'', 
then  OQR,  OQR  become  a  pair  of  tangents  at  Q,  Q',  and 
they  still  intersect  on  the  diameter  CV. 

In  any  conic  if  a  diameter  meets  the  directrix  in  Z,  SZ  is  perpendicular 
to  the  chords  bisected  by  the  diameter. 
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PROPOSITION  XXXIV. 

QV  is  an  ordinate  of  the  diameter  CP ;  if  the  tangent  at 
Q  meets  CP  in  O,  then 

CV  .  CO  =  CP2. 


Draw  PU  parallel  to  OQ,  and  PR  parallel  to  QV,  and 
join  PQ. 

Then  PR  touches  the  hyperbola.  [Prop.  25. 

RP  UQ  is  a  parallelogram ;  therefore  R  U  bisects   PQ ; 
therefore  R  U  passes  through  the  centre  C.  [Prop.  33. 


Now 


therefore 


CO  :  CP=CR  :  RU 
=  CP  :  CV, 


[Euc.  vi.  2. 
[Euc.  vi.  2. 


PROP.  XXXV. 

1.  If  a  R.  H.  circumscribe  a  triangle,  it  also  passes  through  the  ortho- 
centre. 

2.  If  OR  be  drawn  parallel  to  an  asymptote  to  meet  the  curve  in  R, 
and  OPP'  parallel  to  a  fixed  line  to  meet  the  curve  in  P,  P',  the  rectangle 
OP  .  OP'  varies  as  OR. 

[See  also  riders  on  Prop.  34  of  Ellipse.] 


HYPERBOLA. 
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PROPOSITION  XXXV. 

If  two  chords  of  a  hyperbola  intersect,  the  rectangles  con- 
tained by  their  segments  are  as  the  squares  of  the  parallel 
semi-  diameters. 


[Euc.  ii.  5. 
[Euc.  ii.  5. 


Let  the  chords  POP',   QOQ'  meet   the   asymptotes   at 
Q9.''     Bisect  PP'  at  F.     Draw  kQk'  parallel  to  pp'. 
Then  pO .  Op'  =pV*-0  F2,         [Euc.  n.  5. 

PO.OP'  =  PF2-OF2; 
/.  pO .  Opf-P0 .  OP'  =PVZ-PVZ 

=pP.Pp'; 
:.pO.Op'-pP.Pp'  =  PO.OPf. 
Similarly,  qO  .  Oqf  -  qQ .  Qq  =  QO  .  OQ'. 
By  similar  triangles, 

pO  :  qO  =  kQ  :  qQ, 
and  Op    :  Oq'  =  Qk'  :  Qq' \ 

:.  pO.Op'  :  qO.Oq'  =  kQ.  Qkf  :  qQ.Qq' 

=  pP .  Pp:  qQ.Qq'',  [Prop.  23. 
.'.  pO.  Op'  -pP  .  Pp   :  qO  .  Oqf  -  qQ .  Qqf 

=pP.Pp:  qQ.Qq'; 
or  PO  .  OP'  :  QO  .  OQ'  =pP  .  Pp'  :  qQ  .  Qq 

=  ratio  of  squares  of  parallel  semi-diameters.      [Prop.  23. 
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PROPOSITIONS  PECULIAR  TO  THE  RECTANGULAR  HYPERBOLA. 

1.  CS2  =  2CA2,     CS  =  2CX,     e  = 

2.  PN2  =  AN  .  NA'. 

3.  Latus  Rectum  —  AA'. 

4.  CN  =  NG. 

5.  A  circle,  whose  centre  is  any  point  P  on  the  curve  and 
radius  PC,  intersects  the  normal  on  the  axes,  and  the  tangent 
on  the  asymptotes 

PC  =  PG  =  Pg  =  Pr  =  Pr'. 

6.  Con-jugate  diameters  are  equal,  and  the  asymptotes 
bisect  the  angles  between  them. 

7.  Conjugate   diameters  are  inclined  to   either   axis  at 
angles  which  are  complementary. 

8.  Diameters  at  right  angles  to  one  another  are  equal. 

9.  The  angle  between  any  two  diameters  is  equal  to  the 
angle  between  their  conjugates. 

10.  The  angles  subtended  by  any  chord  at  the  extremities 
of  a  diameter  PP'  are  equal  or  supplementary. 

11.  If  CZ  be  drawn  perpendicular  to  the  tangent  at  P, 

CZ .  CP  =  CA2. 

12.  If  a  rectangular  hyperbola  circumscribe  a  triangle 
it  passes  through  the  orthocentre. 

13.  If  a  rectangular  hyperbola  circumscribe  a  triangle, 
the  locus  of  its  centre  is  the  nine-point  circle. 


CYLINDEK  AND  CONE. 


If  a  rectangle  revolves  round  one  of  its  sides,  the  opposite  side  traces  out 
a  surface,  called  a  right  circular  cylinder. 

The  length  of  the  rectangle  may  be  considered  to  be  indefinitely  extended. 

The  fixed  side,  about  which  the  rectangle  revolves,  is  called  the  axis  of 
the  cylinder. 

DEF.  A  right  circular  cylinder  is  a  surface  traced  out 
by  a  straight  line,  which  moves  round  the  circumference  of 
a  circle,  and  remains  always  parallel  to  a  fixed  straight 
line,  drawn  through  the  centre  of  the  circle,  perpendicular 
to  its  plane. 

DEF.  The  fixed  straight  line  is  called  the  axis  of  the 
cylinder. 

/ 

NOTE.  The  section  of  a  cylinder  by  a  plane  parallel  to  the  axis  is  two 
generating  lines  of  the  cylinder. 

_  The  section  of  a  cylinder  by  a  plane  perpendicular  to  the  axis  is  a  circle. 

DEF.  When  a  cylinder  is  cut  by  a  plane,  the  plane 
passing  through  the  axis  of  the  cylinder  and  perpendicular 
to  the  cutting  plane  is  called  the  axial  plane. 

NOTE.  The  intersection  of  the  axial  plane  with  the  cutting  plane  is  an 
axis  of  the  curve  of  section ;  and  its  intersection  with  the  cylinder  is  two 
generating  lines. 

DEF.  A  sphere  inscribed  in  a  cylinder,  so  as  to  touch 
the  cylinder  in  a  circle  and  the  cutting  plane  at  a  point,  is 
called  a,  focal  sphere. 
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CYLINDER   AND   CONE. 


PROPOSITION  I. 


The  section  of  a  right  circular  cylinder,  by  a  plane  in- 
clined to  the  axis,  is  an  ellipse. 


Let  A  PA'  be  the  curve  of  section.  Take  the  axial  plane 
for  the  plane  of  the  paper,  and  let  it  meet  the  cutting  plane 
in  the  straight  line  A' AX  and  the  cylinder  in  the  generating 
lines  KAF,  K'F'A'. 

Draw  a  focal  sphere,  touching  the  cylinder  in  the  circle 
KRK'  and  the  cutting  plane  at  S. 

Let  the  planes  K'RK,  A'PA  meet,  in  the  straight  line 
XM. 
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Through  any  point  P  in  the  curve  A  PA'  draw  a  plane 
F'PFN  perpendicular  to  the  axis  of  the  cylinder,  meeting 
the  cutting  plane  in  the  straight  line  PN,  the  axial  plane 
in  the  straight  line  FNF',  and  the  cylinder  in  the  circle 
FPF'. 

Through  P  draw  the  generating  line  PR,  touching  the 
focal  sphere  at  R  ;  also  draw  PM  parallel  to  NX. 

Suppose  SP  to  be  joined. 

Because  the  planes  APA,  FPF'  are  both  perpendicular 
to  the  axial  plane,  PN  is  perpendicular  to  axial  plane  (Euc. 
XI.  19);  hence  PN  is  perpendicular  to  both  AA'  and  FF'. 

Tangents  to  a  sphere  from  the  same  point  are  equal 
(Euc.  in.  36)  ; 


and  8  A  =  AK  and  PM=NX. 

But  FK  :  NX  =  AK  :  AX  ;          [Euc.  vi.  2. 

.-.  SP  :  PM  =  SA  :  AX. 

Now  AK  is  less  than  AX  (Euc.  1.  19),  therefore  8A  :  AX 
is  a  constant  ratio  less  than  unity,  and  APA  is  an  ellipse 
whose  focus  is  S  and  directrix  XM. 
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PROPOSITION  I.     (Second  Method.) 


Let  APA'  be  the  curve  of  section.  Take  the  axial  plane 
for  the  plane  of  the  paper,  and  let  it  meet  the  cutting  plane 
in  the  straight  line  A  A'  and  the  cylinder  in  the  generating 
lines  KAk,  K'A'k'. 

Draw  the  two  focal  spheres  touching  the  cylinder  in  the 
circles  KRK',  krk',  and  the  cutting  plane  at  8  and  8'. 

Through  any  point  P  on  the  curve  APA'  draw  a  gene- 
rating line  RPr,  touching  the  focal  spheres  at  R,  r.  Join 
PS,  PS'  which  will  also  touch  the  focal  spheres. 

Then  SP  —  PR,  because  they  are  tangents  to  a  sphere  ; 
and  S'P  =  Pr. 


Hence  the  curve  is  an  ellipse  whose  foci  are  8,  S'  and 
major  axis  equal  to  Kk.     (Ellipse,  8.) 


CYLINDER  AND   CONE. 
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PEG-POSITION  I.     (Third  Method.) 


A' 


Let  APA'  be  the  curve  of  section. 

Take  the  axial  plane  for  the  plane  of  the  paper,  let  it 
meet  the  cutting  plane  in  the  straight  line  A  A',  and  the 
cylinder  in  the  generating  lines  AFL,  A'F'L '. 

Through  any  point  P  in  the  curve  of  section  draw  a 
plane  F'PFN  perpendicular  to  the  axis  of  the  cylinder, 
meeting  the  cutting  plane  in  the  straight  line  PN,  the  axial 
plane  in  the  straight  line  FNF',  and  the  cylinder  in  the 
circle  FPF'. 

Draw  AL',  A'L  parallel  to  KK'. 

Because  the  planes  KNK',  APA'  are  both  perpendicular 
to  the  axial  plane,  PN  is  perpendicular  to  the  axial  plane 
(Euc.  IX.  19),  hence  PNis  perpendicular  to  both  FF'  and  A  A'. 

By  similar  triangles, 

AN  :  NF  =  AA  :  AL, 
and  A'N  :  NF'  =  A' A  :  AL' ; 

/.  AN.  A'N  :  NF.NF'  =  AA*  :  A'L.AL- 

:.  AN.NA'  :  PN*  =  AA'*  :  AL'2.  [Euc.m.35. 
Hence  the  section  is  an  ellipse  of  which  AA'  is  the  major 
axis,  and  the  minor  axis  is  equal  to  AL.     (Ellipse,  3.) 
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If  a  right-angled  triangle  revolves  round  one  side  containing  the  right 
angle,  the  hypothenuse  traces  out  a  surface  called  a  right  circular  cone. 

The  length  of  the  hypothenuse  may  be  supposed  to  be  indefinitely 
extended  in  both  directions. 

The  fixed  side,  about  which  the  triangle  revolves,  is  called  the  axis  of  the 
cone. 

The  angle  of  the  triangle  at  which  the  hypothenuse  and  the  fixed  side 
intersect  is  the  vertex  of  the  cone. 

The  complete  cone  when  the  hypothenuse  is  indefinitely  extended  in  both 
directions  consists  of  two  equal  and  similar  sheets  on  opposite  sides  of  the 
vertex. 

DEF.  A  right  circular  cone  is  a  surface  traced  out  by 
a  straight  line,  which  moves  round  the  circumference  of  a 
circle,  and  passes  always  through  a  fixed  point  in  a  fixed 
straight  line  drawn  through  the  centre  of  the  circle,  perpen- 
dicular to  its  plane. 

DEF.  The  fixed  straight  line  is  called  the  oasis  of  the 
cone. 

DEF.  The  fixed  point  in  the  axis  is  called  the  vertex  of 
the  cone. 

NOTE.  The  section  of  a  cone  by  a  plane  passing  through  the  vertex  is 
either  a  point,  or  two  generating  lines  of  the  cone. 

The  section  of  a  cone  by  a  plane,  perpendicular  to  the  axis,  not  through 
the  vertex,  is  a  circle. 

DEF.  When  a  cone  is  cut  by  a  plane,  the  plane  passing 
through  the  axis  of  the  cone  and  perpendicular  to  the  cutting 
plane  is  called  the  axial  plane. 

NOTE.  The  intersection  of  the  axial  plane  with  the  cutting  plane  is  an 
axis  of  the  curve  of  section  :  and  its  intersection  with  the  cone  is  two  gene- 
rating lines. 

DEF.  A  sphere  inscribed  in  a  cone,  so  as  to  touch  it 
in  a  circle,  and  the  cutting  plane  at  a  point,  is  called  a 
focal  sphere. 

PROPOSITION  II. 

The  section  of  a  cone  by  a  plane  not  passing  through  the 
vertex  and  not  perpendicular  to  the  axis  satisfies  the  definition 
of  a  conic  section  (SP  =  e .  PM). 


CYLINDER  AND  CONE. 
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Let  AP  be  the  curve  of  section.  Take  the  axial  plane 
for  the  plane  of  the  paper,  and  let  it  meet  the  cutting  plane 
in  the  straight  line  NAX  and  the  cone  in  the  generating 
lines  OKAF,  OK'F. 

Draw  a  focal  sphere  touching  the  cone  in  the  circle  KRK' 
and  the  cutting  plane  at  S. 

Let  the  planes  K'RK,  PA  intersect  in  the  straight 
line  XM. 

Through  any  point  P  in  the  curve  AP  draw  a  plane 
F'PFN  perpendicular  to  the  axis  of  the  cone,  meeting  the 
cutting  plane  in  the  straight  line  PN,  the  axial  plane  in  the 
straight  line  FNF',  and  the  cone  in  the  circle  FPF'. 

Suppose  the  generating  line  PRO  to  be  drawn,  touching 
the  focal  sphere  at  R ;  also  draw  PM  parallel  to  NX. 

Because  the  planes  A  P,  FPF'  are  both  perpendicular  to 
the  axial  plane,  PN  is  perpendicular  to  the  axial  plane  (Euc. 
xi.  19);  hence  PN  is  perpendicular  to  both  AN  and  FF. 

Tangents  to  a  sphere  from  the  same  point  are  equal  (Euc. 
III.  36). 

Therefore  SP  =  PR  =  FK,  and  8 A  =  AK,  and  PM=NX. 

But  FK  :  NX  =  AK  :  AX  ;  [Euc.  vi.  2. 

/.  SP  :  PM=SA  :  AX. 

Hence  A  PA  is  a  conic  section,  having  S  for  focus  and 
XM  for  directrix. 
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PROPOSITION  III. 

A  plane  section  of  a  cone  is  an  ellipse  if  its  focal  axis 
meets  both  generating  lines  in  the  axial  plane  on  the  same 
sheet  of  the  cone ;  it  is  a  parabola  if  its  focal  axis  is  parallel 
to  one  of  these  two  generating  lines ;  it  is  a  hyperbola  if  its 
focal  axis  meets  both  these  generating  lines  but  on  different 
sheets  of  the  cone. 


Let  the  axial  plane  meet  cutting  plane  in  AX,  the  focal 
sphere  in  the  circle  KK'S,  and  the  cone  in  the  generating 
lines  OKA,  OK'.  Produce  K'K  and  8 A  to  meet  in  X  the 
foot  of  the  directrix. 

Case  1.     Produce  AS  to  meet  OK'  in  A'. 

angle  OK'X  >  angle  K'XA'.  [Euc.  I.  16. 

.       But                angle  OK'X  =  angle  OKK'  [Euc.  i.  5. 

=  angle  AKX ;  [Euc.  I.  15. 

/.  angle  AKX  >  angle  K'XA'  or  KXA, 

:.  AK<AX,  [Euc.  i.  19. 

/.  8A  <  AX,  [Euc.  in.  36. 
and  the  curve  is  an  ellipse. 
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Case  2.     If  AS  is  parallel  to  OK', 


angle  AKX 


;.  AK 
:.  SA 


••  angle  OKK' 
••  angle  OK'K 
••  angle  KXA  ; 
AX, 
AX, 


and  the  curve  is  a  parabola. 


[Euc.  I.  29, 

[Euc.  i.  5. 
[Euc.  in.  36. 


c.  G. 
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Case  3.     Produce  SA  to  meet  K'O  produced  in  A'. 


But 


angle  OK'X  <  angle  K'XA.  [Euc.  i.  16. 

-  angle  OK'X  =  angle  OKK'  [Euc.  I.  5. 

=  angle  AKX ;  [Euc.  I.  15. 

.'.  angle  AKX  <  angle  K'XA  or  ^Z^, 

/.  4jfir>4JSr,  [Euc.  I.  19. 

/.  8A  >  AX,  [Euc.  m.  36. 

and  the  curve  is  a  hyperbola. 
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PROPOSITION  IV. 

In  an  elliptic  section  of  a  cone  the  major  axis  is  equal 
to  the  distance  between  the  focal  spheres  measured  along  a 
generating  line  of  the  cone. 


Let  APA'  be  the  curve  of  section.  Take  the  axial  plane 
for  the  plane  of  the  paper  and  let  it  meet  the  cutting  plane 
in  the  straight  line  A  A  ',  and  the  cone  in  the  generating 
lines  KAk,  K'A'U. 

Draw  the  two  focal  spheres  touching  the  cone  in  the 
circles  KRK',  krk',  and  the  cutting  plane  at  S  and  S'. 

Through  any  point  P  on  the  curve  APA'  draw  a  gene- 
rating line  RPr,  touching  the  focal  spheres  at  R,  r. 

Join  PS,  PS',  which  will  also  touch  the  focal  spheres. 

Then  SP  =  PR,  because  they  are  tangents  to  a  sphere  ; 
and  S'P  =  Pr. 


Hence  the  curve  is  an  ellipse  whose  foci  are  S,  S',  and 
its  major  axis  is  equal  to  Kk.     (Ellipse,  8.) 

9—2 
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PROPOSITION  V. 

\ 

In  a  hyperbolic  section  of  a  cone,  the  transverse  axis  is 
equal  to  the  distance  between  the  focal  spheres,  measured  along 
a  generating  line  of  the  cone. 


CYLINDER  AND   CONE.  133 

Let  APAf  be  the  curve  of  section. 

Take  the  axial  plane  for  the  plane  of  the  paper  and  let 
it  meet  the  cutting  plane  in  the  straight  line  A  A',  and  the 
cone  in  the  generating  lines  KAk,  K'A'k'. 

Draw  the  two  focal  spheres  touching  the  cone  in  the 
circles  KRK',  krk',  and  the  cutting  plane  at  S  and  $'. 

Through  any  point  P  on  the  curve  APA  draw  a  gene- 
rating line  RPr,  touching  the  focal  spheres  at  R,  r. 

Join  PS,  PS',  which  will  also  touch  the  focal  spheres. 

Then  SP  =  PR,  because  they  are  tangents  to  a  sphere, 
and  S'P  =  Pr. 


Hence  the  curve  is  a  hyperbola,  whose  foci  are  S  and  S', 
and  its  transverse  axis  is  equal  to  Kk.     (Hyperbola,  7.) 


PROPS.  IV.  AND  V. 

The  auxiliary  circle  lies  on  the  surface  of  the  sphere,  whose  diameter  is 
the  line  joining  the  centres  of  the  focal  spheres. 
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PROPOSITION  .VI. 


In  a  parabolic  section  of  a  cone,  the  latus  rectum  is  a 
third  proportional  to  the  distance  of  the  vertex  of  the  cone 
from  the  vertex  of  the  parabola,  and  the  diameter  of  the  cir- 
cular section  of  the  cone  through  the  vertex  of  the  parabola. 


Let  AP  be  the  curve  of  section. 

Take  the  axial  plane  for  the  plane  of  the  paper,  let  it 
meet  the  cutting  plane  in  the  straight  line  AN,  and  the  cone 
in  the  generating  lines  OAF,  OLF'. 
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Through  any  point  -P  on  the  curve  of  section  draw  a 
plane  F'PFN  perpendicular  to  the  axis  of  the  cone,  meeting 
the  cutting  plane  in  the  straight  line  PN  and  the  axial 
plane  in  the  straight  line  FNF'  and  the  cone  in  the  circle 
FPF'. 

Draw  AL  parallel  to  FF'. 

Because  the  planes  FPF',  APN  are  both  perpendicular 
to  the  axial  plane,  PN  is  perpendicular  to  the  axial  plane 
(Euc.  xi.  19),  hence  PN  is  perpendicular  to  both  FF'  and 

AN. 

Take  4>AS  a  third  proportional  to  OL,  LA. 
By  similar  triangles 

AN  :  NF=OL  :  LA 

:  4AS-, 


=  NF.NF' 


Hence  the  curve  AP  is  a  parabola,  of  which  the  latus 
rectum  is  4>AS.     (Parabola,  3.) 

And  4fAS  is  a  third  proportional  to  OL,  LA. 


13G 


CYLINDER   AND   CONE. 


PROPOSITION  VII. 


In  an  elliptic  section  of  a  cone,  the  minor  axis  is  a  mean 
proportional  between  the  diameters  of  the  circular  sections  of 
the  cone  passing  through  the  ends  of  the  major  axis. 


Let  APA'  be  the  curve  of  section. 

Take  the  axial  plane  for  the  plane  of  the  paper,  let  it 
meet  the  cutting  plane  in  the  straight  line  A  A',  and  the 
cone  in  the  generating  lines  OAFL,  OA'F'L'. 

Through  any  point  P  on  the  curve  of  section  draw  a 
plane  F'PFN  perpendicular  to  the  axis  of  the  cone,  meeting 
the  cutting  plane  in  the  straight  line  PN  and  the  axial 
plane  in  the  straight  line  FNF'  and  the  cone  in  the  circle 
FPF'. 

Draw  AL',  A'L  parallel  to  FF'. 
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Because  the  planes  FPF',  A  PA'  are  both  perpendicular 
to  the  axial  plane,  PN  is  perpendicular  to  the  axial  plane 
(Euc.  xi.  19),  hence  PN  is  perpendicular  to  both  FF' 
and  A  A', 


By  similar  triangles 

AN  :  NF=AAf  :  A'L,    . 
and  A'Ni  NF'=AA  :  AL' • 

:.   AN  .  AN  :  NF .  NF'=  A  A'2 :  AL  .  AL' ; 

.-.   AN  .  NA  :     PN*      =  AA'* :  AL  .  AL' 

[Euc.  m.  35. 


Hence  the  section  is  an  ellipse  of  which  A  A  is  the  major 
axis,  and  the  minor  axis  is  a  mean  proportional  between  AL' 
and  AL.  (Ellipse,  3.) 
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PROPOSITION  VIII. 

In  a  hyperbolic  section  of  a  cone,  the  conjugate  axis  is  a 
mean  proportional  between  the  diameters  of,  the  circular 
sections  of  the  cone,  passing  through  the  vertices  of  the 
hyperbola. 


Let  AP  be  one  branch  of  the  curve  of  section,  and  Af 
the  vertex  of  the  other  branch. 

Take  the  axial  plane  for  the  plane  of  the  paper,  let  it 
meet  the  cutting  plane  in  the  straight  line  AA'  and  the  cone 
in  the  generating  lines  LOAF,  A'OL'F. 

Through  any  point  P  on  the  curve  of  section  draw  a  plane 
F'PFN  perpendicular  to  the  axis  of  the  cone,  meeting  the 
cutting  plane  in  the  straight  line  PN>  and  the  axial  plane 
in  the  line  FNF'  and  the  cone  in  the  circle  FPF'. 

Draw  AL\  A'L  parallel  to  FF'. 
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Because  the  planes  FNF\  APA'  are  both  perpendicular 
to  the  axial  plane,  PN  is  perpendicular  to  the  axial  plane 
(Euc.  xi.  19),  hence  PN  is  perpendicular  to  both  FF'  and  A  A. 

By  similar  triangles 

AN  :  NF  =  AAr  :  A'L, 

and  AN:  NF'=AA'  :  AL'; 

.-.  AN.  AN  :  NF  .  NF'  =  AA":  A'L  .  AL'\ 


:.  AN  .  AN  :       PN2      =  AA"  :  A'L  .  ALf 

[Euc.  in.  35. 

Hence  the  section  is  a  hyperbola,  of  which  A  A  is  the 
transverse  axis,  and  the  conjugate  axis  is  a  mean  proportional 
between  AL'  and  A'L.  (Hyperbola,  3.) 
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PROPOSITION  IX. 


The  asymptotes  of  a  hyperbolic  section  of  a  cone  are 
parallel  to  the  two  generating  lines,  which  lie  in  a  parallel 
plane  through  the  vertex  of  the  cone. 


Take  the  axial  plane  for  the  plane  of  the  paper. 

Let  P  be  any  point  on  the  hyperbola,  PN  an  ordinate, 
S,  S'  its  foci,  A,  A'  its  vertices,  C  the  centre,  and  X  the  foot 
of  the  directrix  corresponding  to  the  focus  8. 
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Let  OF,  OF'  be  generating  lines  in  the  axial  plane,  and 
FPF'N  a  plane  perpendicular  to  the  axis. 

Let  the  focal  sphere  touch  OF  at  K,  then  KX  is  parallel 
to  FF'  (Prop.  2), 

and  SA  is  equal  to  AK.  [Euc.  ill.  36. 

Let  Opn  be  a  plane  parallel  to  the  cutting  plane,  meeting 
the  cone  in  a  generating  line  Op,  the  axial  plane  in  On,  the 
plane  FPF'  in  pn. 

The  triangles  OnF,  AXK  are  similar  because  On  is 
parallel  to  AX,  and  nF  to  XK. 

.-.  On  :  OF=AX  :  AK 
=  AX  :  AS, 
.'.OF=e.On; 

but  the  generating  lines  OF,  Op  are  equal, 

.'.  Op  =  e  .On. 
In  the  figure  of  Hyperbola,  proposition  4, 


hence  pOn  is  half  angle  between  asymptotes  (Hyperbola,  4), 
but  On  is  parallel  to  the  transverse  axis  ;  therefore  Op  is 
parallel  to  an  asymptote. 
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PEC-POSITION  X. 

If  through  any  point  two  straight  lines  be  drawn,  parallel 
to  two  fixed  straight  lines,  to  intersect  a  given  cone,  the  ratio 
of  the  rectangles  contained  by  the  segments  of  the  lines  is 
constant  for  all  positions  of  the  point. 


Let  OQQ',  ORR  be  the  two  lines  drawn  through  0 
parallel  to  the  two  fixed  straight  lines  to  meet  the  cone  at 

QQ',  RR. 

Through  the  vertex  V  draw  VG,  VH,  parallel  to  the 
fixed  straight  lines ;  meeting  a  fixed  plane,  perpendicular 
to  the  axis  of  the  cone  at  G  and  H. 

ORE'  and  VH  are  not  shown  on  the  figure. 
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First  consider  only  the  rectangle  OQ  .  OQ'. 

Let  the  fixed  plane  through  G  and  H  meet  the  plane 
VQQ'  in  the  straight  line  GL'L,  and  the  cone  in  the  circle  LL'. 

Again  let  a  plane  through  0,  parallel  to  the  fixed 
plane  GH,  meet  the  plane  VQQ'  in  OKK',  and  the  cone 
in  the  circle  KK'. 

The  triangles  OKQ,  GLV  lie  in  one  plane  and  their  sides 
are  parallel  ; 

/.  OQ  :  OK=GV  :  GL. 
Similarly  OQ  :  OK'=  GV  :  GL'; 

.-.  OQ  .  OQ'  :  OK  .  OK'  =  GV2  :  GL  .  GL. 

Now  for  all  positions  of  0,  GV  is  constant  and  the  rect- 
angle GL  .  GL'  is  constant  [Euc.  in.  36. 


=  \xOK  .  OK'. 

Similarly  OR.OR^^x  OM  .  0  M', 

where  X  and  p  are  constant,  and  M,  M'  are  the  intersections 
of  VR,  VR'  with  the  circle  KK'. 

:.  OK  .  OK'  =OM.OM'  [Euc.  in.  36. 

/.  OQ  .  OQ'  :  OR. 
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Important  propositions  to  be  proved  by  the  reader. 

PAEABOLA. 

1.  If  POp  be  a  chord  of  a  parabola  meeting  the  axis  in 
0,  and  PN,  pn  ordinates,  prove  that  AN  .  An  —  AO*.     (See 
Prop.  3.) 

2.  The  circle  circumscribing  the  triangle  formed  by  three 
tangents  to  a  parabola  passes  through  tlie  focus.  (See  Prop.  13.) 

3.  If  OQ,  OQ'  are  tangents,  and  0V  a  diameter,  prove 
that  the  angle  QOV  is  equal  to  the  angle  Q'OS.     (See  Props. 
7, 13.) 

4.  If  P  is  the  end  of  the  diameter  which  bisects  a  chord 
QQ',  and  R  the  end  of  another  diameter  meeting  QQ'  in  My  prove 
that  QM .  MQ'  =  48 P .  EM. 

(See  Prop.  16.) 

5.  If  the   diameter  through  any  point  R  on  the  curve 
meets  a  chord  QQ',  and  a  tangent  QT  at  M  and  T,  prove  that 

TR  :  RM=QM  :  MQ'. 
(See  Props.  16,  17  and  Proof  of  19.) 

6.  If  OP  touches  a  parabola  at  P,  and  OQR  meets  it 
at  QR,  and  the  diameter  through  P  meets  the  chord  QR  in  U, 
prove  that 

OLT2=OQ.  OR. 
(See  Prop.  19.) 

7.  If  a  circle  meets  a  parabola  in  four  points  A,  B,  C,  D, 
the  common  chords  AB,  CD  are  equally  inclined  to  the  axis  of 
the  parabola.     (See  Prop.  19.) 

8.  If  a  circle  cuts  a  parabola  in  four  points  the  sum  of 
the  ordinates  of  these  four  points  is  zero.      (See  Props.  15, 
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9.  If  the  normals  at  three  points  P,  Q,  R  meet  in  a  point, 
the  sum  of  the  ordinates  of  P,  Q,  R  is  zero,  and  the  circle 
circumscribing  the  triangle   PQR  passes   through  the  vertex. 
(By  analytical  geometry.) 

10.  If  OQ,  OQf  be  two  tangents  to  a  parabola  the  chord 
QQ'  cuts  off  from  the  parabola  a  segment  whose  area  is  two- 
thirds  of  the  triangle  OQQ'.     (See  Prop.  16.) 


CONIC  SECTIONS. 

1.  No  straight  line  can  meet  a  conic  in  more  than  two 
points.     (Prop.  2.) 

2.  If  a  circle  meets  a  conic  in  four  points,  the   chord 
joining  any  two  of  those  points  makes  the  same  angle  with  the 
axis  as  the  chord  joining  the  other  two  points.        (Ellipse  34.) 

3.  To  find  where  a  straight  line  parallel  to  the  axis  meets 
a  conic  whose  focus,  directrix,  and  eccentricity  are  given. 

[Cons.  Let  the  line  meet  directrix  in  M.  With  centre  A'  and  radius  e  .  SX 
describe  a  circle.  Join  SM  meeting  this  circle  in  p,  p'.  Draw  SP,  SP' 
parallel  to  Xp,  Xp'.  PP'  are  the  required  points.] 

4.  The  semi-latus  rectum  is  a  Harmonic  Mean  between 
the  segments  of  any  focal  chord 


SP  :  SP'=SN  :  SN' 

=NX-SX:  SX-N'X 
=  SP-SL  :  SL-SP'. 

5.  The  product  of  the  segments  of  a  focal  chord  varies  as 
the  length  of  the  chord. 

6.  Rectangles  contained  by  the  segments  of  any  two  inter- 
secting chords  are  proportional  to  the  lengths  of  the  parallel 
focal  chords.     (Ellipse  34.) 

7.  Tangents  to  an  ellipse  or  hyperbola  at  right  angles  to 
one  another  intersect  on  a  fixed   circle,  called   the  Director 
Circle.     (Ellipse  14.) 

c.  G.  10 
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8.  Prove 

PG  :  CD  =  GB  :  CA    and  Pg  :  CD  =  CA  :  CB. 

(Ellipse  18  and  33.) 

9.  Prove 


(Ellipse  13  and  18.) 

10.  If  QQ'  be  a  focal  chord,  parallel  to  a  semi-diameter 
CD,  QQ'  .  CA  =  2CT2. 

11.  If  a  diameter  of  a  conic  meets  the  directrix  in  Z, 
ZS  is  perpendicular  to  the  chords  bisected  by  the  diameter. 

(Ellipse  11  and  25.) 

12.  If  OQ,  OQ'  be  tangents  to  a  conic  and  QQ'  meets  the 
directrix  in  K,  OSK  is  a  right  angle.     (Ellipse  22.) 

13.  If  the  tangent  at  P  meet  any  pair  of  conjugate  dia- 
meters in  T  and  t, 

PT.Pt  =  CD\  (Ellipse  28.) 


14    The  projection  of  the  normal  PG  on  the  focal  distance 
SP  is  equal  to  the  semi-latus  rectum.     (Ellipse  12.) 

15.  If  OQ,  OQ  are  a  pair  of  tangents  to  an  ellipse,  and 
a  straight  line  be  drawn  from  0  to  meet  the  curve  in  K,  M, 
and  QQ'  in  L,  OKLM  is  divided  harmonically  or 

JL=  L     JL 

OL~6Z+OM'  (Projections.) 

16.  If  CP,  CP'  be  semi-diameters  of  a  conic  at  right 
angles  to  one  another,  prove  that  ^™  +  7^™  ^s  constant. 


(Director  Circle  and  Ellipse  33.) 

17.  If  one  straight  line  passes  through  the  pole  of  a 
second  straight  line,  prove  that  the  second  straight  line 
passes  through  the  pole  of  the  first.  (Projections.) 
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SECTIONS  OF  A  CYLINDER  AND  CONE. 

1.  At  any  point  of  a  plane  section  the  tangent  makes  equal 
angles  ivith  focal  distances  and  the  generating  line. 

2.  The  semi-minor  axis  of  the  section  is  a  mean  propor- 
tional between  the  radii  of  the  focal  spheres. 

3.  For  all  sections  of  a  cone  the  latus  rectiim  varies  as 
the  perpendicular  from  the  vertex  of  the  cone  on  the  plane  of 
section. 

4.  An  ellipse  of  any  eccentricity  may  be  cut  from  a  right 
circular  cylinder,  and  may  be  projected  orthogonally  into  a 
circle. 
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PROBLEMS. 

PAEABOLA. 

1.  QSq  is  a  focal  chord  of  a  parabola  drawn  parallel  to 
the  tangent  at  P,  PG  is  a  normal.     Prove  QS.Sq  —  PG'2. 

2.  Two  parabolas  have  a  common  focus,  and  their  axes 
in  the  same  direction :  a  straight  line  is  drawn  through  the 
focus  cutting  them  in  four  points.     Shew  that  the  tangents 
at  these  points  form  a  rectangle  of  which  one  diagonal  passes 
through  the  focus. 

3.  Given  the  directrix  of  a  parabola  and  two  points  on 
the  curve,  find  the  focus.     Also  draw  a  tangent  parallel  to 
the  straight  line  joining  the  given  points. 

4.  PNQ  is  a  double  ordinate  of  a  parabola  and  APQ  an 
equilateral  triangle ;  prove  that  AN  =  3  times  the  Lat.  Rect. 

5.  In  a  parabola  the  external  angle  between  two  tangents 
is  half  the  angle  subtended  at  the  focus  by  their  chord  of 
contact. 

6.  OQ,  OQ'  are  tangents  to  a  parabola,  the  chord  QQ' 
meets  the  axis  in  R,  and  OM  is  drawn  perpendicular  to  the 
axis,  prove  that  AM  —  AR. 

7.  If  the  normal  PG  at  any  point  of  a  parabola  be  divided 
so  that  PQ  :  QG  is  a  constant  ratio,  prove  that  the  locus  of  Q 
is  a  parabola. 

8.  Two  parabolas  have  a  common  directrix,  prove  that 
their    two   common   tangents   are   at   right   angles   to   one 
another. 

9.  The   directrix   of  a  parabola  is  given  and  also  two 
tangents :  find  the  focus  of  the  parabola,  and  the  points  of 
contact  of  the  tangents. 

10.  A  chord  of  a  parabola  is  equal  to  four  times  the 
distance   of  its   middle   point   from   the    extremity   of   the 
diameter  bisecting  it ;  prove  that  the  chord  passes  through 
the  focus. 
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11.  If  OP,  OP'  are  tangents  to  a  parabola  meeting  the 
tangent  at  A  in  Fand  Y',  and  PP'  cuts  the  axis  in  K,  prove 
that  KY,  KY  are  parallel  to  the  tangents  OP,  OP.     (This 
is  true  for  any  diameter,  and  the  tangent  at  its  extremity, 
not  only  for  the  axis.) 

12.  If  PFis  a  tangent  at  P  to  a  parabola  meeting  the 
tangent  at  the  vertex  in  F,  and  a  circle  on  PFas  diameter 
meets  the  axis  in  K  and  Kr,  prove  that  PK,  PK'  produced 
are  normals  to  the  curve. 

13.  Two  chords  AB,  CD  of  a  parabola  are  produced  to 
meet  in  0,  and  points  E,  F  are  taken  in  AB,  CD  so  that 
OEZ  =  OA.OB  and  OF2  =  OC .  OD,  prove  that  EF is  parallel 
to  the  axis. 

14.  If  a  parabola  touches  the  three  sides  of  a  triangle  its 
directrix  passes  through  the  orthocentre. 

15.  If  two  parabolas  are  drawn  through  four  given  points 
on  a  circle,  their  axes  intersect  in  the  centroid  of  the  four 
points. 

16.  QOQ',  ROR'  are  two  chords  of  a  parabola,  and  ROR' 
is  produced  both  ways  to  meet  the  tangents  at  Q,  Q'  in  r  and 
r' ;  if  Rr  =  R'r',  prove  that  OR  =  OR1. 

ELLIPSE. 

17.  POQ  is  an  acute  angle  whose  sides  are  tangents  to 
an   ellipse  at  the  ends  of  a  focal  chord  PQ ;    find  the  two 
foci. 

/ 

18.  If  the  diagonals  of  a  quadrilateral  circumscribing  a 
conic  intersect  in  a  focus,  they  are  at  right  angles  to  each 
other. 

19.  Shew  how  to  draw  a  pair  of  conjugate  diameters  in 
an  ellipse  inclined  at  a  given  angle  to  one  another. 

20.  P  and  Q  are  corresponding  points  on  an  ellipse  and 
its  auxiliary  circle,  8  is  a  focus;  prove  that  $P  =  the  perpen- 
dicular from  S  on  the  tangent  to  the  circle  at  Q. 

The  normal  at  P  on  an  ellipse  cuts  the  minor  axis 
in  g ;  Pn  is  the  ordinate  to  that  axis.     Prove  that 

Cg  :  Cn  =  CS* :  CB\ 
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22.  $  is  a  focus  of  a  given  conic,  and  from  a  fixed  point 
on  the  axis  a  perpendicular  is  drawn  to  the  tangent  at  any 
point  P  on  the  curve.     Prove  that  the  intersection  of  this 
perpendicular  with  SP  lies  on  a  fixed  circle. 

23.  Draw  a  normal  from  a  given  point  (1)  on  the  axis  of 
a  parabola,  (2)  on  the  major  axis  of  an  ellipse. 

24.  From   any  point  P  on  a  common  tangent  to  two 
ellipses,  which  have  a  common  focus  $,  tangents  are  drawn  to 
the  ellipses  intersecting  another  common  tangent  in  Q,  R. 
Prove  that  the  angle  QSR  is  constant. 

25.  Given   an   arc  of  a  conic,  shew  how  to  determine 
whether  it  is  part  of  a  parabola,  ellipse  or  hyperbola. 

26.  Given  two  tangents  to  an  ellipse  and  one  focus,  find 
the  locus  of  the  centre. 

27.  A  tangent  is  drawn  to  a  conic  meeting  the  directrices 
in  L,  M.     If  S,  H  be  the  foci,  and  LS,  MH  intersect  in  N, 
shew  that  LN '=  MN. 

28.  PQ  is  a  double  ordinate  of  a  conic,  and  the  straight 
line  joining  P  to  the  foot  of  the  directrix  cuts  the  curve  in  R. 
Shew  that  QR  passes  through  the  focus. 

29.  Two  chords  AP,  BQ  in  an  ellipse  are  produced  to 
meet  each  other  in  0 ;  QG,  PD  are  chords  parallel  to  them 
crossing  each  other  in  R,  shew  that  the  triangles  AOB,  GRD 
are  similar,  and  AB  is  parallel  to  CD. 

30.  If  two   conies  have   a   common   focus   and  are  so 
placed   that   they  intersect   in  two  points  only,  then  their 
common  chord  passes  through  the  point  of  intersection  of  the 
corresponding  directrices. 

31.  A  system  of  parallelograms  is  inscribed  in  an  ellipse, 
with   their   sides   parallel  to  the  equi-conjugate  diameters: 
prove  that  the  sum  of  the  squares  on  its  sides  is  constant. 

32.  Prove  the  following  construction  for  drawing  a  normal 
to  a  conic.     Draw  the  ordinate  PN,  on  the  axis  mark  off 
NK,  NL  each  equal  to  NP,  produce  PK,  PL  to  meet  the 
curve  again  in  Q,  Q',  bisect  QQ'  in  V,  then  PFis  the  normal 
at  P. 


PROBLEMS.  151 

33.  An  ellipse  is  inscribed  in  a  quadrilateral  ABCD,  and 
$  is  a  focus  of  the  ellipse ;  shew  that  the  angles  ASB  and 
CSD  are  together  equal  to  B8C  and  DSA. 

34.  The  perpendiculars  from  the  foci  on  the  normal  at 
any  point  of  an  ellipse  are  to  one  another  as  the  perpen- 
diculars from  the  foci  on  the  tangent  at  that  point. 

35.  Given  two  tangents  to  a  conic  and  its  centre :  prove 
that  the  locus  of  its  foci  is  a  rectangular  hyperbola. 

36.  If  PN,  the  ordinate  at  the  point  P  of  an  ellipse,  be 
produced  to  meet  the  tangent  at  the  extremity  of  the  latus 
rectum  in  Q,  prove  that  QN  =  SP. 

37.  An  elliptic  section  of  a  right  cone  is  projected  upon 
a  plane  perpendicular  to  the  axis,  prove  that  the  focus  of  the 
curve  of  projection  is  at  the  point  where  the  axis  of  the  cone 
meets  the  plane  of  projection. 

38.  If  OP,  OQ  are  tangents  to  an  ellipse  from  a  point  0 
on  the  auxiliary  circle,  and  PGP'  a  diameter  of  the  ellipse, 
prove  that  QP'  passes  through  a  focus. 

39.  In  any  conic  if  PQ,  PQ'  are  chords  equally  inclined 
to  the  axis,  prove  that  the  circle  circumscribing  PQQ'  touches 
the  conic  at  P. 

40.  If  two  quadrilaterals,  inscribed  in  an  ellipse,  have 
three  sides  of  one  parallel  to  three  sides  of  the  other,  their 
fourth  sides  will  be  parallel.     Hence  shew  how  to  draw  a 
tangent  at  any  point  of  an  ellipse  with  a  parallel  ruler. 

(Projections.) 

41.  If  RP  is  any  tangent  to  a  given  ellipse  at  P  and 
SRP  a  constant  angle,  prove  that  the  locus  of  R  is  a  circle. 

42.  At  points  Q,  Q'  on  an  ellipse  OQ,  OQ'  are  tangents, 
and  Q6r,  Q'G'  are  normals  meeting  the  axis  major  at  6r,  G', 
prove  that  OQG,  OQ'G'  are  similar  triangles. 

43.  Tangents  OQ,  OQ'  subtend  equal  angles  at  the  foot 
of  the  ordinate  through  0. 

44.  An  ellipse  touches  a  triangle  at  the  middle  points  of 
its   sides,  prove   the   centre  of  the  ellipse  is  the  centre  of 
gravity  of  the  triangle.  (Projections.) 


152  PROBLEMS. 


PARABOLA. 

45.  If  AR,  SY  are  the  perpendiculars  from  the  vertex 
and  focus  of  the  parabola  on  the  tangent,  prove  that 

SY*  =  8 Y .  AR  +  8 A*.  [I.  C.  S.  1884. 

46.  P  is   any  point  on  a  parabola,  SR  is  drawn  per- 
pendicular to  AP  meeting  the  tangent  at  the  vertex  in  R, 
prove  that  AR  is  one-fourth  of  PN,  the  perpendicular  from 
P  on  the  axis.  [CLARE,  1888. 

47.  A   parabola  touches   in  A',  Bf,  C'  the  sides  of  an 
equilateral  triangle  ABC,  respectively  opposite  to  A,  B,  C. 
Prove  that  A  A',  BB',  GG'  meet  in  the  focus  of  the  parabola, 

[Turn.  1887. 

48.  A  parabola  rolls  on  an  equal  parabola,  the  vertices 
originally  coinciding ;  shew  that  the  tangent  at  the  vertex  of 
the  rolling  parabola  always  touches  a  fixed  circle.  [TRIN.  1887. 

49.  P,    Q   are    two    points    on   a   parabola    such   that 
circles  described  about  P,  Q  as  centres  and  passing  through 
the   focus   S  cut   orthogonally  in   S  and  R.     If  the   line 
joining  Q  to  the  points  of  intersection  of  the  circles  meet 
the  directrix  in  T  and  T',  shew  that  the  angle  TPT'  is  equal 
to  half  of  RPS.  [PEMB.  1887. 

50.  In  the  parabola  if  the  angle  ASP  be  equal  to  four- 
thirds  of  a  right  angle,  prove  that  the  ordinate  at  P  and  the 
normal  at  the  extremity  of  the  latus  rectum  intersect  on  the 
axis.  [MAGD.  1888. 

51.  Given  in  position  two  tangents  to  a  parabola  and 
their  points  of  contact,  find  the  focus  and  directrix.  [Qu.  1888. 

52.  OP,  OQ  are  two  tangents  to  a  parabola  at  P  and 
Q,  8  is  the  focus ;  if  08  meet  the  circle  through  OPQ  again 
in  T,  then  8  bisects  OT.  [Qu.  1888. 

53.  If  PG  be  the  normal  at  P,  prove  that  the  tangent 
from   any  point  on  the  parabola  to  a  circle,  centre  G  and 
radius  GP,  is   equal   to  the  perpendicular  from  that  point 
on  the  ordinate  of  P.  [JES.  1888. 
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54.  H  is  a  fixed  point  on  the  bisector  of  the  exterior 
angle  A  of  the  triangle  ABC]  a  circle  is  described  upon  HA 
as  chord  cutting  the  lines  AB,  AC  in  P  and  Q;  prove  that 
PQ  envelopes   a   parabola   which  has  H  for  focus,  and  for 
tangent  at  the  vertex  the  straight  line  joining  the  feet  of 
the  perpendiculars  from  H  on  AB  and  AC.      [Jss.  &c.  1888. 

55.  Points  F,  Y'  are  taken  on  the  tangent  at  the  vertex 
of  a   parabola   so  that  SY.SY'  is  constant,  and  the  other 
tangents  through  Y  and  Yf  meet  in  Q ;  prove  that  the  locus 
of  Q  is  a  circle.  [Jon.  1888. 

56.  A   circle    is   described   touching   a  parabola   at   a 
point  P  and  passing  through  the  focus.     If  K  be  the  point 
at   which  it  cuts  the  axis  again,  and  A  the  vertex  of  the 
parabola,  shew  that  AK  is  equal  to  three  times  the  abscissa 
of  P.  [SEL.  1888. 

57.  Two    points   P,   Q   are   taken   on   a  tangent  to  a 
parabola  equidistant  from  the  focus.     Prove  that  the  other 
tangents  drawn  from  P,  Q  will  meet  on  the  axis.  [PET.  1886. 

58.  P,  Q,  R  are  points  on  a  parabola,  the  chord  PR 
intersects   the   diameter   through    Q  in  S.     The  chord  PQ 
intersects  the  diameter  through  R  in  T.     Prove  that  ST  is 
parallel  to  the  tangent  at  P.  [CLARE,  1887. 

59.  $  is  the  focus  and  SL  the  semi-latus  rectum  of  a 
parabola  whose  vertex  is  A.     P  and  Q  are  any  two  points 
in   any  line   through   0,  the   point   of  intersection    of  the 
tangent  at  A  and  the  diameter  through  L.     Prove  that  the ' 
chord  of  contact  of  the  tangents  from  P  intersects  the  chord 
of  contact   of  the   tangents   from    Q   in   the    straight   line 
which  bisects  the  angle  OA8.  [TRIN.  1886. 

60.  Prove  that,  if  P  be  an  external  point  on  the  axis  of 
a  parabola  whose  focus  is  8  and  vertex  A,  and  the  tangent 
at  A  cut  the  circle  described  on  PS  as  diameter  in  Q,  R, 
then  PQ,  PR  will  touch  the  parabola. 

Prove  that,  if  any  tangent  cut  the  circle  in  Q',  R',  the 
remaining  tangents  from  Q',  R'  to  the  parabola  will  intersect 
on  the  circle.  [TRIN.  1887. 
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61.  A   point   moves   so   that  the  sum  of  its  distances 
from   a   given  point  and  a  given  straight  line  is  constant, 
prove  that  it  describes  a  parabola  and  find  the  length  of  its 
latus  rectum.  [Qu.  1887. 

62.  Give  a  geometrical  construction  for  the  axis  of  a 
parabola  which  passes  through  the  four  given  points  A,  B, 
C,  D  which  are  such  that  AB  is  parallel  to  CD.     [Jss.  1887. 

63.  A  and  P  are  two  fixed  points.     Parabolas  are  drawn 
all  having  their  vertices  at  A,  and  all  passing  through  P. 
Prove  that  the  points  of  intersection  of  the  tangent  at  P 
with  the  tangent  and  normal  at.  A  lie  on  two  fixed  circles, 
one  of  which  is  double  of  the  other.  [JoH.  1887. 

64.  If  PN,  PL  be  perpendiculars  from  P  on  the  axis 
and  the  tangent  at  the  vertex,  prove  that  LN  always  touches 
a  parabola.  [PET.  1886. 

65.  A  variable   tangent   to   a   parabola  intersects  two 
fixed  tangents  in  the  points  T  and  T" :  shew  that  the  ratio 
8T  :  ST'  is  constant.  [Turn.  1886. 

66.  If  QD  be  drawn  perpendicular  to  the  diameter  PV 
of  a  parabola,  then 

*  QD*  :  QV2  =  8 A  :  SP.  [TRIN.  1886. 

67.  Through  Fthe  foot  of  the  perpendicular  from  the 
focus  $  on  the  tangent  to  a  parabola  at  P,  YK  is  drawn 
parallel   to   the   axis   of  the  parabola,  meeting  the  normal 
PG  in  K,  SK  is  joined.     Shew  that  the  triangles  SKGr  and 
SKP  are  each  of  them  equal  to  the  triangle  SPY. 

[T.  H.  1886. 

68.  If  0  be  a  fixed  point,  MM'  a  fixed  straight  line  not 
passing  through  0,  Q  any  point  in  MM',  and  if  on  OQ  as 
base   an   isosceles  triangle  be  described  on  the  side  of  OQ 
remote  from  MM'  such  that  the  vertical  angle  OPQ  is  always 
double  of  the  acute  angle  which  OQ  makes  with  MM ',  shew 
that  the  locus  of  P  is  a  certain  parabola.  [T.  H.  1886. 

69.  If  ABC  be  a  triangle  inscribed  in  a  parabola,  shew 
that  the  sides  of  ABG  are  four  times  as  long  as  those  of  a 
triangle  formed  by  the  intersection  of  tangents  parallel  to 
them.  [I.  C.  S.  1887. 
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70.  The   tangents   at   P,,  P2,   to   the   parabola   whose 
vertex   is  A   and   axis  AN^N^  intersect   in  P,  and  Nv  N2 
and  N  are  the  feet  of  the  ordinates  of  P,,  P2  and  P.     Prove 
that          PA  .:  PZNZ  ::  AN  :  AN,  ::  AN,  :  AN. 

11  [I.  C.  S.  1887. 

71.  OQ,  OQ'  are  tangents  to  a  parabola,  OF  a  diameter. 
If  OF  meet  the  directrix  in  TTand  QQ'  meet  the  axis  in  N, 
shew  that  OK  =  SN;  8  being  the  focus.  [I.  C.  S.  1886. 


72.  If  the  tangents  at  the  ends  of  a  focal  chord  PSQ 
intersect   in   D,  SD  will  be   a  mean  proportional  between 
AS  and  PQ.  [I.  C.  S.  1883. 

73.  Find  the  locus  of  the  centres  of  circles  described 
within  a  given  segment  of  a  given  circle.  [PET.  1887. 

74.  PSP,  QSQ',  RSR  are   three   chords   through   the 
focus  S  of  a  given  parabola.     Prove  that  the  ratio  of  the 
areas  of  the  triangles  PQR  and  P'Q'R'  is  the  same  as  that 
of  the  products  of  the  ordinates  of  P,  Q,  R  and  P',  Q',  R'. 

[PET.  1887. 

75.  A  series  of  parabolas  are  drawn  to  touch  two  given 
straight  lines,  one  of  them  at  a  given  point  ;  shew  that  the 
foci  lie  on  a  fixed  circle  and  that  the  directrices  pass  through 
a  fixed  point.  [TniN.  1887. 

76.  Two  equal  parabolas,  which  have  a  common  axis, 
have  their  concavities  turned  in  opposite  directions.     Prove 
that   the   locus   of  the   middle  point  of  a  chord  of  either 
parabola,  which   is   a  tangent   to   the  other,  is  a  parabola 
of  one-third  the  linear  dimensions  of  the  given  ones. 

[Turn.  1887. 

77.  The  normal  at  P  meets  the  tangent  at  the  vertex 
in  F  and  the  curve  again  in  f.     If  the  axis  of  the  parabola 
meets  at  T  and  G  the  tangent  and  normal  at  P,  shew  that 

PF.  P/=  TG\  [T.  H.  1888. 

78.  The  normal   to   a   parabola  at  any  point  P  meets 
the  curve  again  in  Q  ;   T  is  the  pole  of  the  chord  PQ,  and 
the   line  joining    T  to  the  focus,  S,  meets  the  line  drawn 
through  P  perpendicular  to  SP  in  the  point  0  :  prove  that 
TS  =  SO,  and  that  TO  Q  is  a  right  angle.  [Jon.  1887. 
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79.  V  is   the   middle  point  of  a  focal  chord  QQ'  of  a 
parabola,  tangents  at  Q  and  Q'  meet  at  T;  prove  that  the 
locus  of  the  intersection  of  the  circle  described  round  the 
triangle  TQQ'  and  the  line  TV  is  a  parabola.         [PET.  1887. 

80.  From  any  point  on  a  parabola  normals  are  drawn 
to  the  curve  at  Pv  P2;   shew  that  the  chord  P,P2  passes 
through  a  fixed  point.  [CLARE,  1887. 

81.  Two    equal    similarly   situated    parabolas    have    a 
common  axis ;  a  tangent  is  drawn  to  one  of  them  meeting 
the  other  in  P  and  Q  ;  prove  that  the  perpendicular  distance 
of  Q  from  the  diameter  through  P  is  constant  and  that  the 
area  of  the  segment  cut  off  by  the  chord  PQ  is  constant. 

[PEMB.  1886. 

82.  Determine   the   point  in  a  parabola  at  which  the 
normal  is  equal  to  a  given  straight  line.  [T.  H.  1887. 

83.  If  the  triangle  formed  by  three  tangents  to  a  para- 
bola  be   isosceles   the  line  joining  the  intersection  of  the 
equal  sides  to  the  focus  passes  through  the  point  of  contact 
of  the  opposite  side  with  the  parabola.  [C-ATH.  1887. 

84.  Two  parabolas  having  the  same  focus  cut  at  right 
angles.     Shew   that   the   line  joining   their  vertices  passes 
through  the  focus  and  is  equal  to  the  focal  radius  of  their 
point  of  intersection.  [Jon.  1886. 

85.  If  PN  be  an  ordinate  and  a  chord  QNQ'  be  drawn 
through  N  cutting  the  parabola  in  Q  and  Q',  then  the  rect- 
angle contained  by  the  ordinates  of  Q  and  Q'  is  equal  to  the 
square  on  PN.  [SEL.  1887. 

86.  Two  fixed  straight  lines  intersect  in  A,  and  B  is  a 
fixed  point;  if  a  circle  be  described  through  A  and  B  cutting 
these  lines  in  G  and  D,  then  CD  always  touches  a  certain 
parabola.  [SEL.  1887. 

87.  The  normal  chord  to  a  parabola  at  the  point  whose 
ordinate  is  equal  to  its  abscissa  subtends  a  right  angle  at  the 
focus.  [PET.  1885. 
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88.  If  a  circle  passing  through  the  focus  of  a  parabola 
touches  the  curve  at  P  and  cuts  it  at  L  and  M,  and  the  axis 
at  N,  prove  that  LP  is  equal  to  MN.  [CLARE,  1886. 

89.  Give  a  geometrical   construction   for   the   position 
of  the  directrix   of  a  parabola  whose  axis  is  parallel  to  a 
given  line,  the  parabola  passing  through  two  given  points 
and  touching  a  given  line  through  one  of  them. 

[CLARE,  1886. 

90.  If  TP,  TQ  tangents  to  a  parabola  subtend  angles 
at  the  focus  which  are  constant  for  all  positions  of  T,  prove 
that  the  distance  between  the  centres  of  the  circles  described 
about  the  triangles  SPT,  STQ  will  vary  as  ST*. 

[CLARE,  1886. 

91.  If  PQ  be  a  focal  chord  of  a  parabola,  and  R  any 
point  on  the  diameter  through  Q  :  shew  that  the  focal  chord 

P/?2 
parallel  to  PR  =  ~  .  [TuiN.  1885. 


92.  Points  D,  E,  F  are  taken  on  the  sides  of  a  triangle 
ABC  and  three  confocal  parabolas  are  drawn,  one  touching 
BFt  FE  and  EG  and  the  other  two  the  corresponding  triads 
of  lines  ;  S  is  the  common  focus  and  the  directrices  inter- 
sect in  ft  H,  K.     Prove  that  the  triangles  DSG,  ESH,  FSK 
are  proportional  to  the  squares  on  SD,  SE,  SF.     [TRIN.  1885. 

93.  Two   parabolas  have  a  common   focus  :   and   from 
a  point  T  external  to  both  tangents  TP,  TQ  are  drawn  to 
one  and  tangents  TR,  TS  to  the  other.     If  the  angles  PTQ, 
RTS  are  supplementary,  prove  that  PR,  QS  are  parallel  or 
meet  at  the  focus.     If  they  are  parallel,  prove  that  they  are 
also  parallel  to  the  common  tangent  to  the  parabolas. 

[PEMB.  1885. 

94.  From  two  fixed  points  A,  B  perpendiculars  AP,  BQ 
are  let  fall  on  a  variable  line  ;  prove  that  the  envelope  of  the 
line  is  a  parabola  when  the  area  of  the  quadrilateral  ABQP 
is  constant.  [CAius,  1885. 

95.  The  normal  at  one  extremity  L  of  the  latus  rectum 
of  a  parabola  meets  the  curve  again  in  P,  the  tangent  at  P 
cuts  the  latus  rectum  produced  in  M  and  the  axis  in  T: 
prove  that  LM  is  f  and  NT  f  times  the  latus  rectum,  PN 
being  the  perpendicular  from  P  on  the  axis.  [K.  1885. 
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96.  A  is  the  vertex,  S  the  focus  and  P  any  point  on  a 
parabola ;  PN  is  the  ordinate  at  P,  and  the  perpendicular  to 
SP  drawn  through  8  meets  the  normal  at  P  in  L ;  if  LM  be 
the  ordinate  of  L,  shew  that  SM  =  2AN.  [Qu.  1886. 

97.  P,Q  are  any  two  points  on  a  parabola,  R  the  middle 
point  of  the  chord  joining  them,  RM  is  the  ordinate  of  R 
drawn  perpendicular  to  the  axis  and  RG  drawn  perpendicular 
to  PQ  meets  the  axis  in  6r;  shew  that  MG  is  equal  to  the 
semi-latus  rectum  of  the  parabola.  [Qu.  1886. 

98.  Prove  that  the  latus  rectum  is  the  least  focal  chord 
which  can  be  drawn  in  a  parabola.  [OATH.  1886. 

99.  Describe  a  parabola  touching  three  given  straight 
lines  and  having  its  focus  in  another  given  line.     [PET.  1861. 

100.  From  $  the  focus  of  a  parabola  a  line  is  drawn 
parallel  to  the  tangent  at  a  point  P  meeting  the  curve  in 
Q ;  the  diameter  at  P  meets  SQ  in  E.     Shew  that  the  locus 
of  E  is  a  parabola  whose  latus  rectum  is  half  that  of  the 
given  one.  [JES.  1861. 

101.  GR  is  drawn  from  the  foot  of  the  normal  at  a  point 
P  in  a  parabola  perpendicular  to  SP  cutting  the  circle  de- 
scribed on  SP  as  diameter  in  L,  LS  produced  meets  the 
tangent  at  P  in   0,  shew  that  the  ratio  of  0$  :  OP  is  in- 
variable. [SiD.  1861. 

102.  Parabolas  are  drawn   passing   through    two  fixed 
points  A  and  B,  and  having  their  axes  in  a  given  direction ; 
find  the  locus  of  the  foci.  [Jon.  1861. 

103.  A  series  of  parabolas  is  described  having  the  same 
tangent  at  the  vertex  as  a  given  parabola,  and  their  foci 
lying  on  the  given  parabola.     Shew  that  they  intersect  in 
the  focus  of  the  given  parabola.  [PET.  1861. 

104.  The  tangent  at  any  point  P  of  a  parabola  meets-  a 
fixed  circle  whose  centre  is  the  focus  in  Q,  R.     If  the  other 
tangents  to  the  parabola  which  pass  through  Q,  R  meet  in  T, 
and  if  the  tangents  to  the  circle  at  QR  meet  in  Ut  shew  that 
TU  is  parallel  to  the  directrix.  [PET.  1882. 

105.  At  the  middle  point  of  a  focal  chord  of  a  parabola  a 
line  is  drawn  perpendicular  to  the  chord  and  equal  to  half 
the  chord  ;  find  the  locus  of  its  extremity.          [CLARE,  1882. 
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106.  From  P,  PMis  drawn  perpendicular  to  the  tangent 
at  the  vertex  of  a  parabola  and  MQ  perpendicular  to  AP\ 
shew  that  the  locus  of  Q  is  a  circle.  [T.  H.  1882. 

107.  Through  a  fixed  point  on  the  axis  of  a  parabola  a 
chord  PQ  is  drawn,  and  a  circle  of  given  radius  is  described 
through  the  feet  of  the  ordinates  of  P  and  Q.    Shew  that  the 
locus  of  its  centre  is  a  circle.  [JES.  1882. 

108.  A  circle  cuts  a  given  circle  orthogonally  and  inter- 
cepts a  given  length  on  a  given  straight  line  ;  shew  that  the 
locus  of  its  centre  is  a  parabola,  and  that  the  envelope  of  its 
chord  of  intersection  with  the  given  circle  is  a  conic. 

[JES.  1886. 

109.  PSP'  is  a  focal  chord  of  a  parabola.    The  diameters 
through  P,  P'  meet   the   normals   at  P',  P  in   V,  V    re- 
spectively.    Prove  that  PVV'P'  is  a  parallelogram. 

[JES.  1886. 

110.  AGP  is  a  sector  of  a  circle,  centre  C,  of  which  the 
radius  CA  is  fixed,  and  a  circle  is  described  touching  the  arc 
AP  externally,  and  also  touching  CA  and  CP  both  produced  ; 
prove  that  the  locus  of  the  centre  of  this  circle  is  a  parabola. 

[Jon.  1885. 

111.  If  the  direction  of  the  axis  of  a  parabola  inscribed 
in  a  triangle  is  given  prove  the  following  construction  for  the 
focus.     Through  A  one  of  the  angular  points  of  the  triangle 
draw  AD,  perpendicular  to  the  given  direction,  cutting  the 
circle  in  D,  through  D  draw  D8  perpendicular  to  the  opposite 
side  cutting  the  circle  in  $;  then  $  is  the  focus.    [PET.  1884.  , 

112.  P,  Q  and  R  are  three  points  on  a  parabola  whose 
focus  is  S.     Through  R  are  drawn  RU  and  RV,  respectively 
parallel  to  the  tangents  at  P  and   Q,  so  as  to  meet  the 
diameter  through  Q  in  U  and  V.     Prove  geometrically  that 


Utilize  this  result  to  obtain  a  geometrical  proof  of  the 
following  :  — 

TQ  and  TR,  tangents  to  a  parabola,  meet  the  tangent  at 
P  in  X  and  Y.  The  tangent  at  the  extremity  of  the  diameter 
through  T  meets  the  tangent  at  P  in  0.  Then  if  S  be  the 
focus,  SP.QR  =  280  .  XY.  [Jon.  1886. 
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113.  Two  confocal  and  coaxial  parabolas  with  the  con- 
cavities in  opposite  directions  are  met  by  any  straight  line 
parallel  to  the  axis  in  P  and  P'  and  their  common  chord  QQ' 
meets  PP'  in  R,  shew  that  RQ  .  RQ' :  PP'  is  a  constant  ratio. 

[PET.  1884. 

114.  The  circle  circumscribing  the  triangle  formed  by 
three  tangents  to  a  parabola  passes  through  the  focus :  prove 
that  the  tangent  to  this  circle  at  the  focus  makes  with  the 
axis  of  the  parabola  an  angle  equal  to  the  algebraical  sum  of 
the  angles  made  with  the  axis  by  the  three  tangents  to  the 
parabola.  [PET.  1884. 

115.  PQ  is  normal  at  P  to  a  parabola  and  T  is  its  pole : 
shew  that  PS  passes  through  the  vertex  of  the  diameter 
through  T.  [PET.  1885. 

116.  A  straight  line  moves  so  that  two  fixed  circles 
always  cut  off  equal  chords  from  it,  shew  that  it  always 
touches  a  fixed  parabola  whose  focus  bisects  the  line  joining 
the  centres  of  the  two  circles.  [PET.  1885. 

117.  If  the  ordinate  at  each  point  of  a  parabola  be  pro- 
duced below  the  axis  until  it  is  equal  to  the  distance  of  the 
point  from  the  focus  ;  prove  that  the  locus  of  its  extremity  is 
another  parabola,  and  that  the  axes  of  the  curves  make  with 
each  other  an  angle  equal  to  half  a  right  angle. 

[CLAEE,  1885. 

118.  Two  fixed  tangents  to  a  parabola  TQ,  TR  are  met 
by  a  variable  tangent  in  X  and  F.     If  a  chord  of  the  para- 
bola is  drawn  parallel  to  XY  and  equal  to  XT,  it  envelops  an 
equal  parabola.  [TraN.  1884. 

119.  A  line  is  drawn  through  any  point  P  of  a  parabola 
perpendicular  to  the  line  joining  P  to  the  vertex.     This  line 
meets  the  axis  in  K,  and  the  normal  at  P  meets  the  axis  in 
G :  prove  that  GK  is  equal  to  half  the  latus  rectum. 

[Turn.  1884. 

120.  Through  any  point  on  a  parabola  two  chords  are 
drawn   equally  inclined   to  the  tangent  there.      Shew  that 
their  lengths  are  proportional  to  the  portions  of  their  dia- 
meters intercepted  between  them  and  the  curve. 

[TRIN.  1884. 
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121.  PSp  is  a  focal  chord  of  a  parabola,  and  upon  PS 
and  pS  as  diameters  circles  are  described;    prove  that  the 
length  of  either  of  their  common  tangents  is  a  mean  pro- 
portional between  AS  and  Pp.  [Turn.  1885. 

122.  A  straight  line  PQ   cuts  two  fixed  straight  lines 
Ox,  Oy  which  are  at  right  angles,  in  the  points  P,  Q,  and 
the  middle  point  of  PQ  lies  on  a  fixed  straight  line   AB. 
Prove  that  the  straight  line  PQ   is  always  a  tangent  to  a 
fixed  parabola.  [Tp.iN.  1885. 

123.  If  PG  the  normal  at  P  meet  the  axis  in  G',  and  if 
GQ  be  an  ordinate  erected  from  G ;  prove  that  the  difference 
between  the  square  on  PG  and  QG  is  a  constant  quantity. 

[PEMB.  1885. 

124.  In  a  central  conic  if  a  diameter  CT  cuts  one   of 
its  chords  QQ'  in  V,  the  curve  in  P  and  the  tangent  at  Q 
in  T,  then  CV.CT—CP2;    deduce   the  corresponding  pro- 
position for  the  parabola. 

125.  If  PSQ  be  a  focal  chord  of  a  parabola,  PG  the 
normal  at   P,  PN  the  semi-ordinate,  and  if  PN  produced 
meet  the  diameter  passing  through  Q  in  H :  then  HG  will  be 
perpendicular  to  PG.  [T.  H.  1885. 

126.  From  a  point  0  on  the  directrix  of  a  parabola  are 
drawn  two  tangents,  and  through  the  focus  $  two  straight 
lines  parallel  to  these  tangents:    the  part  of  the  directrix 
intercepted  between  these  parallels  will  be  bisected  at  0. 

[CHR.  1885.' 

127.  An  endless  string  OPQ  is  fastened  at  0,  and  two 
small  beads  P,  Q  slide  on  it ;   the  string  is  kept  stretched ; 
the  beads  moving  so  that  OP  is  always  equal  to  OQ  and  PQ 
always  fixed  in  direction :  shew  that  the  loci  of  P  and  Q  are 
arcs  of  two  parabolas  with  a  common  focus  at  0.    [Qu.  1885. 

128.  0  is  a  fixed  point  on  a  fixed  circle ;  with  any  point 
S  on  the  circle  as  focus,  and  the  tangent  at  0  as  directrix,  a 
parabola  is  described ;  shew  that  the  locus  of  the  points  of 
contact  of  tangents  from  0  to  the  parabola  is  a  circle. 

[Qu.  1885. 
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129.  From  any  point  on  a  parabola,  chords  are  drawn 
making  equal  angles  with  the  tangent  at  that  point;  shew 
that  they  are  to  one  another  as  the  parallel  focal  chords. 

[OATH.  1885. 

130.  C  is  the  centre,  and  D  a  fixed  point  on  the  circum- 
ference of  a  given  circle,  M  is  the  middle  point  of  any  chord 
R8  which  is  parallel  to  DC.      Prove  that  GR,  CS  intersect 
DM  on  a  certain  parabola.  [JES.  1885. 

131.  The  polar  of  a  point  0  with  respect  to  a  parabola 
meets  the  axis  in  U,  and  a  straight  line  through  U  at  right 
angles  to  the  polar  meets  0$  in  R :  prove  that  08  =  SR. 

[JES.  1885. 

132.  Three  parabolas  have  a  common  tangent.     Prove 
that  the  points  of  intersection  of  their  other  pairs  of  common 
tangents  are  collinear.  [Jon.  1884. 

133.  If  two  tangents  be  drawn  to  a  parabola,  the  per- 
pendicular from  the  focus  on  their  chord  of  contact  passes 
through  the  middle  point   of  their   intercept   on  the   tan- 
gent at  the  vertex.  [Jon.  1884. 

134.  Pairs  of  equal  parabolas  are  drawn,  having  a  given 
point  8  for  focus,  one  touching  a  given  line  AB,  the  other  a 
given  line  AG.     Prove  that  the  envelope  of  their  common 
tangents  is  a  parabola  whose  directrix  passes  through  S,  and 
which  touches  AB  and  AG  at  points  in  one  straight  line 
with  8.  [Jon.  1884. 

135.  OXP,  OYQ,  XRY  are  three  tangents  to  a  parabola 
(focus  8)  at  the  points  P,  Q,  R  respectively :  find  the  locus 
of  the  remaining  intersection  of  the  circles  8XP,  8YQ,  as 
the  tangent  XY  varies  its  position.  [PET.  1883. 

136.  If  two  parabolas  have  a  common  focus,  the  line 
joining  it  to  the  intersection  of  the   directrices  is  perpen- 
dicular to  the  common  tangent  of  the  parabolas. 

[CLARE,  1884. 

137.  Three  parabolas  are  drawn  having  a  common  vertex 
and  axis,  and  their  latera  recta  in  geometrical  progression : 
shew  that  if  PQ  be  the  chord  of  contact  of  a  pair  of  tangents 
drawn  from  a  point  of  the  outer  to  the  middle  parabola,  PQ 
will  touch  the  inner  parabola.  [CLARE,  1884. 
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138.  If  any  parabola  be  described  touching  the  sides  of  a 
fixed  triangle,  the  chords  of  contact  will  pass  each  through 
a  fixed  point.  [TRIN.  1884. 

139.  A  circle  round  the  focus  of  a  parabola  as  centre 
cuts  the  tangent  at  a  point  P  in  the  directrix,  and  also  at  the 
point  T.      TM  is  drawn  perpendicular  to  $P,  produced   if 
necessary.    Prove  that  SM  is  equal  to  half  the  latus  rectum. 

[PEMB.  1884. 

140.  Two  tangents  OQ,  OQ'  are  drawn  from  an  external 
point    0   to   a   parabola   and  a  perpendicular  on   the   axis 
from  0  cuts  it  in  JV;  prove  that  NQ,  NQ'  are  equally  in- 
clined to  the  axis.  [CAius,  1884. 

141.  Two  parabolas  have  the  same  focus  and  axis,  and 
the  tangent  at  a  point  P  of  one  parabola  meets  the  tangent 
at  a  point  Q  of  the  other  perpendicularly  at  T;  shew  that  T  is 
equidistant  from  the  diameters  through  P  and  Q.  [CHR.  1884. 

142.  The  portion  of  the  tangent  at  any  point  P  of  a 
parabola  intercepted  between  the  tangents  at  the  extremities 
of  a  focal  chord  subtends  a  right  angle  at  the  point  where 
the  diameter  through  P  meets  the  chord.  [CAiiis,  1883. 

143.  A  line  is  drawn  through  a  fixed  point,  and  through 
the  point  where  a  line  perpendicular  to  it  through  the  fixed 
point  meets  a  fixed  line  a  perpendicular  to  the  fixed  line  is 
drawn :  prove  that  the  locus  of  the  intersection  of  this  and 
the  first  line  is  a  parabola.  [CLARE,  1883. 

144.  Any  one  of  a  system  of  parallel  lines  cuts  two  fixed 
parabolas  in  P,  P'  and  Q,  Q'  respectively ;  through  P,  P'  and 
through  Q,  Q'  lines  are  drawn  parallel  to  the  axis  of  the  para- 
bola on  which  they  lie ;  shew  that  the  angular  points  of  the 
parallelogram  so  formed  are  on  a  fixed  conic.         [CHR.  1884. 

145.  A  is  the  vertex  of  a  parabola,  P  any  point  on  the 
curve,  AP  is  produced  to  Q  so  that  PQ  =  AP  ;  and  through 
Q  a  straight  line  MQL  is  drawn  perpendicular  to  AQ  meeting 
the  axis  in  M,  if  QL  be  equal  to  QM  shew  that  the  locus  of 
L  is  a  parabola  and  find  the  normal  at  L.  [Qu.  1884. 

146.  If  the  normal  at  P  meet  the  axis  in  G  the  locus  of 
the  centre  of  the  circle  drawn  round  APG  is  a  parabola. 

.        .  ,  [Qu.  1884. 
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147.  Having  given  three  tangents  to  a  parabola  and  the 
point  of  contact  of  one  of  them,  find  the  focus  and  draw  the 
parabola.  [OATH.  1884. 

148.  An  isosceles  triangle  is  circumscribed  to  a  parabola ; 
prove  that  the  three  sides  and  the  three  chords  of  contact 
intersect  the  directrix  in  five  points,  such  that  the  distance 
between  any  two  successive  points  subtends  the  same  angle 
at  the  focus.  [Turn.  1886. 

149.  If  PPf  be  any  chord  of  a  parabola  perpendicular  to 
the  axis  and  if  the  diameter  through  P'  meet  the  tangent  and 
normal  at  P  in  Q  and  R,  then  will  the  middle  point  of  QR  lie 
on  a  fixed  parabola.  [JES.  1884. 

150.  The  tangents  at  two  points  P,  Q   on  a,  parabola 
intersect  in  T  and  the  normals  at  the  same  points  intersect 
in  0.    If  TL,  ON  be  drawn  at  right  angles  to  the  axis  meeting 
it  in  L  and  N,  prove  that 

TL.AL  =  ON.  AS.  [Jss.  1884. 

151.  The  tangents  to  a  parabola  at  Q  and  P  intersect  in 
T,  and  diameters  are  drawn  trisecting  PQ.     If  one  of  the 
tangents  at  their  extremities  is  perpendicular  to  TP,  then 
will  the  triangle  PTQ  be  isosceles.  [Jon.  1883. 

152.  If  the  chord  PQ  of  a  parabola  be  normal  at  PT  its 
pole,  and  if  QP  produced  meet  the  directrix  in  R,  prove  that 
the  angle  RTQ  is  a  right  angle.  [Jon.  1883. 

153.  From  R,  the  middle  point  of  PG,  the  normal  to  a 
parabola  at  P,  two  other  normals  RQ,  RQ'  are  drawn  to  the 
curve.     Prove  that  QS,  Q'S  are  equally  inclined  to  the  axis. 

[Jon.  1884. 


ELLIPSE. 

154.  The  lines  AB  and  AC,  at  right  angles  to  each 
other,  touch  an  ellipse  whose  centre  is  0,  and  cut  the  circle, 
with  centre  0  and  radius  OA,  a  second  time  in  the  points  B 
and  G  respectively.  Prove  that  BG  and  OA  coincide  with  a 
pair  of  conjugate  diameters  of  the  ellipse.  [I.  C.  S.  1887. 
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155.  If  the  normal  to  an  ellipse  at  a  point  P  meet  the 
axis  in  G,  and  PSK  be  drawn  through  the  focus  S  to  meet 
the  diameter  conjugate  to  CP  in  K\  prove  that  the  ratio  of 
CG  to  SK  will  be  equal  to  the  eccentricity.        [I.  C.  S.  1885. 

156.  Construct  an  ellipse,  having  given  two  points  as 
foci,  and  a  given  line  as  tangent.  [I.  C.  S.  1884. 

157.  Prove  that  the  straight  line  joining  the  centre  C  of 
an  ellipse  with  the  point  of  intersection  of  the  normals  at  the 
ends  P,  D  of  a  pair  of  conjugate  semi-diameters  CP,  CD  is 
perpendicular  to  the  straight  line  PD.  [I.  C.  S.  1885. 

158.  If  X,  X'  are  the  feet  of  the  directrices  of  an  ellipse 
corresponding  to  the  foci  S,  S',  and  SY,  S'Y'  are  the  perpen- 
diculars on  any  tangent,  the  lines  XY,  X'Y',  will  intersect 
on  the  axis  minor.  [I.  C.  S.  1883. 

159.  CL  is  the  projection  upon  the  minor  axis  of  the 
central  perpendicular  on  the  tangent  to  an  ellipse  at  P;  prove 
that  if  PQ  be  the  diameter  of  the  circle  circumscribing  the 
triangle  SPS'  PQ.CL  =  AG\  [PET.  1887. 

160.  Two  normals  OA,  OB  drawn  to  an  ellipse  from  an 
internal  point  0  are  at  right  angles.     They  meet  the  ellipse 
again  in  G  and  D  respectively.     Shew  that 

OA  :OB::OG:  OD.  [PET.  1887. 

161.  In  an  ellipse  the  perpendicular  bisector  of  a  chord 
P,P2  meets  the  axis  major  in  K,  shew  that  CK=e*CN,  where 
CN  is  the  abscissa  of  the  middle  point  of  PjP2  measured  from 
the  centre  G,  and  e  is  the  eccentricity. 

[PET.  PEMB.  &c.  1888. 

162.  Lengths  CA,  GB  are  taken  on  two  fixed  straight 
lines  the  sum  of  whose  squares  is  constant,  the  parallelogram 
ABPC  is  completed :  .prove  that  the  locus  of  P  is  an  ellipse 
making  equal  intercepts  on  the  lines.  [CLARE  &c.  1888. 

163.  Any  point  P  on  an  ellipse  is  joined  to  the  extre- 
mities of  two  conjugate  semi-diameters  GA,  CB ;  PA,  PB 
meet  CB,  CA  respectively  in  Bf,  A' ;  prove  that 

AA' .  BB'  =  2CA  .  CB. 

[CLARE  &c.  1888. 
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164.  An  ellipse  entirely  surrounds  a  concentric  circle ; 
shew  that  the  area  cut  off  from  the  ellipse  by  tangents  to  the 
circle  is  a  maximum  or  minimum  only  when  the  tangent  is 
parallel  to  an  axis  of  the  ellipse,  and  distinguish  the  cases. 

[CLARE  &c.  1888. 

165.  If  P,  Q,  R,  S  be  four  points  on  an  ellipse  such 
that   the   centre   bisects   the   parts   of  an  axis  intercepted 
between  the  chords  PQ,  RS,  then  the  part  of  that  axis  inter- 
cepted between  the  chords  PR,  QS,  and  the  part  between 
PS,  QR  will  be  bisected  by  the  centre.  [TRIN.  1887. 

166.  From  two  points  at  opposite  ends  of  a  diameter  of 
the  auxiliary  circle,  tangents  are  drawn  to  the  ellipse  :  shew 
that  the  points  of  intersection  lie  on  the  directrices. 

[TRIN.  1888. 

167.  A  variable  right-angled  triangle  PQR,  of  which  Q 
is  the  right  angle,  is  inscribed  in  a  given  circle  of  which  the 
centre  is  C.     If  the  side  QR  continually  pass  through  a  fixed 
point  $  inside  the  circle,  prove  that  PQ  touches  an  ellipse  ; 
and  that  if  QG  and  PS  intersect  in  0,  the  intersection  of  RO 
and  PQ  is  the  point  of  contact  of  PQ  with  the  ellipse. 

[LOND.  1st  B.A.  HON.  1870. 

168.  Shew  that  an  ellipse  has  one  pair  of  equi-conjugate 
diameters.     If  either  extremity  of  the  axis  major  of  an  ellipse 
is  joined  to  an  extremity  of  one  of  the  equal  conjugate  dia- 
meters, the  lines  drawn  from  the  extremities  of  the  minor 
axis,  parallel  to  the  joining  line,  will  meet  the  ellipse  at  the 
extremities  of  the  other  equal  conjugate  diameter. 

[LOND.  1st  B.A.  HON.  1870. 

169.  In  a  given  triangle  an  ellipse  is  inscribed.     If  the 
position  of  one  of  the  foci  is  known,  shew  how  to  find  the 
ellipse  and  its  points  of  contact  with  the  sides  of  the  triangle. 

[T.  H.  1888. 

170.  If  in  an  ellipse  there  be  inscribed  a  quadrilateral 
PQRS  such  that  PQ  and  SR  are  parallel,  and  if  tangents  to 
the  ellipse  be  drawn  parallel  to  QR  and  PS,  prove  that  the 
straight  line  joining  the  points  of  contact  is  parallel  to  PQ 
and  SR.  [MAG.  1888. 
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171.  PQ  is  a  chord  of  a  parabola,  and  T  is  its  pole  ;  an 
ellipse  is  drawn  with  centre  on  PQ  to  circumscribe  PTQ,  K 
is  the  pole  with  regard  to  the  parabola  of  the  tangent  at  T  to 
the  ellipse ;  prove  that  TK  is  parallel  to  the  diameter  of  the 
ellipse  conjugate  to  PQ.  [K.  1887. 

172.  P,  Q  are  points  in  two  confocal  ellipses,  at  which 
the  line  joining  the  common  foci  subtends  equal  angles;  prove 
that  the  tangents  at  P,  Q  are  inclined  at  an  angle  which  is 
equal  to  the  angle  subtended  by  PQ  at  either  focus. 

[K.  1887. 

173.  From  any  point  P  of  a  circle  PM  is  drawn  per- 
pendicular to  the  tangent  to  the  circle  at  a  fixed  point  A  on 
it:  shew  that  the  locus  of  the  middle  point  of  PM  is  an  ellipse, 
and  find  the  centre  and  axes.  [Qu.  1888. 

174.  An  ellipse  is  described  having  its  centre  at  the  focus 
of  a  parabola,  and  having  the  two  diameters  of  the  parabola 
which  pass  through  the  ends  of  its  latus  rectum  as  direc- 
trices.    Shew  that  this  ellipse  will  touch  the  parabola  at  two 
points.  [Qu.  1888. 

175.  If  NP,  the   ordinate   at  a  point  P  of  an  ellipse, 
produced  meet  the  perpendicular  from  C  on  the  tangent  at 
P  in  R,  shew  that  the  locus  of  R  is  an  ellipse,  and  that  the 
tangents  at  P,  Q,  and  R  to  the  given  ellipse,  the  auxiliary 
circle,  and  the  locus  of  R  all  meet  in  a  point.      [CATH.  1888. 

176.  Two  circles  are  drawn  touching  the  ellipse  at  conju- 
gate points  P  and  D  respectively  and  each  passing  through 
C :  shew  that  their  radii  are  to  one  another  as  CP  is  to  CD. 

[OATH.  1888. 

177.  A  parabola  is  described  passing  through  the  foci 
of  a  given  ellipse  and  having  for  focus  some  point  on  the 
ellipse.     Prove  that  its  directrix  always  touches  the  auxiliary 
circle  of  the  ellipse.     Shew  also  that  the  point  of  intersection 
of  the  tangents  at  the  foci  of  the  ellips'e  lies  on  a  circle. 

[JES.  &c.  1888. 

178.  Through  a  fixed  point  0,  any  chord  PQ  of  a  given 
ellipse  is  drawn ;  an  ellipse  of  given  magnitude  similar  and 
similarly  situated  to  the  given  ellipse  is  drawn  through  P 
and  Q,  prove  that  the  locus  of  its  centre  is  an  ellipse. 

[JES.  &c.  1888. 
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179.  Of  the  tangents  at  the  extremities  of  the  minor 
axis  of  an  ellipse,  one  meets  a  latus  rectum  in  E,  and  the 
other  the  corresponding  directrix  in  F\  prove  that  EF  is  a 
tangent  to  the  ellipse.  [JES.  &c.  1888. 

180.  From  P  any  point  on  an  ellipse  a  tangent  is  drawn 
to   the   minor   auxiliary  circle   meeting   the   director  circle 
in  Q,  R ;  shew  that  PQ,  PR  are  equal  to  the  focal  distances 
of  P.  [JES.  &c.  1888. 

181.  Having   given  the  axes  of  an  ellipse,  prove  that 
points  on  the  curve  are  determined  by  the  following  construc- 
tion.    Describe  circles  on  the  axes  as  diameters,  and  draw  a 
straight  line  from  the  centre  0  meeting  the  circles  in  P  and 
Q;  the  straight  line  through  P  parallel  to  the  transverse  axis, 
and  the  straight  line  through  Q  parallel  to  the  conjugate  axis, 
intersect  each  other  in  a  point  R  of  the  ellipse. 

Prove  also,  if  a  concentric  circle  be  described  with  radius 
equal  to  the  sum  of  the  semi-axes,  and  if  the  line  OPQ  meet 
this  circle  in  V,  that  VR  is  the  normal  to  the  ellipse  at  R. 

[Jon.  1887. 

182.  PSQ  and  PS'R  are  focal  chords  of  an  ellipse ;  prove 
that  the  tangent  at  P  and  the  chord  QR  cut  the  major  axis 
at  equal  distances  from  the  centre.  [Jon.  1888. 

183.  A  parallelogram   circumscribes   an   ellipse;  shew 
that  the  circles,  each  of  which  passes  through  the  extremities 
of  a  side  of  the  parallelogram  and  through  a  focus,  are  all 
equal.  [CHR.  1884. 

184.  The  centre  of  an  ellipse,  a  tangent,  the  length  of 
the  major  axis  and  a  point  on  a  directrix  are  given.     Shew 
how  to  find  the  directrices.     In  what  cases  will  the  construc- 
tion fail  ?  [PET.  1886. 

185.  PP'  is  a  diameter  of  an  ellipse,  prove  that   the 
lines  joining  the  foci  to  the  points  where  the  tangent  at  P 
meets  the,  corresponding  directrices  intersect  on  the  ordinate 
of  P'.  [CLARE,  1887. 

186.  Two  tangents  TP  and  TQ  are  drawn  to  an  ellipse 
and  any  chord  TRS  is   drawn,   V  being  the  middle  point 
of  the  intercepted  part ;  QV  meets  the  ellipse  in  P';  prove 
that  PP'  is  parallel  to  ST.  [TRIN.  1886. 
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187.  Two  points  Q  and  R  are  taken  on  an  ellipse  having 
DD'  for  a  diameter  and  QD  and  RD'  meet  in  P.      Prove 
that  an  ellipse,  similar  and  similarly  situated  to  the  given 
one,  having  D  for  its  centre  and  passing  through  P,  cuts  from 
D'P  a  chord  of  which  DR  is  the  diameter,  and  from  D'Q  a 
chord  of  which  DQ  is  the  diameter.  [TmN.  1886. 

188.  A  tangent  at  any  point  P  of  an  ellipse  intersects 
the  minor  axis  in  T,  and  TM  is  drawn  perpendicular  to  SP 
produced :  shew  that  the  locus  of  M  is  a  circle. 

[T.  H.  1887. 

189.  0  is  any  external  point  to  an  ellipse  and  OS,  OS' 
are  drawn  to  the  foci  S  and  S'  cutting  the  curve  at  the  points 
P  and  Q,  also  SQ  and  S'P  are  joined  intersecting  at  the  point 
R ;  a  circle  is  inscribable  in  the  quadrilateral  OPRQ. 

[T.  H.  1883. 

190.  If  tangents  to  an  ellipse  at  points  P  and  P'  meet 
on  the  auxiliary  circle,  prove  that  SP  and  S'P'  are  parallel. 

[T.  H.  1887. 

191.  If  F  and  Y'  be  the  feet  of  the  perpendiculars  from 
the  foci  upon  the  tangent  to  an  ellipse  at  P,  and  PN  the 
ordinate  of  P,  shew  that  PN  bisects  the  angle  YNY'. 

[MAG.  1887. 

192.  If  CP,  CD  be  conjugate  semi-diameters  of  an  ellipse, 
PG  the  normal  at  P,  CZ  the  perpendicular  from  C  upon 
the  tangent  at  P,  GM  the  line  through  G  parallel  to  CD 
and  meeting  the  straight  line  drawn  from  P  to  either  focus 
in  M,  shew  that  PM  is  a  fourth  proportional  to  CZ,  CB,  CD. 

[MAG.  1887.. 

193.  If  P  and  Q  be  points  on  an  ellipse  whose  foci  are 
8  and  H,  the  four  straight  lines  SP,  SQ,  HP,  HQ,  produced 
if  necessary,  are  tangents  to  the  same  circle.  [Qu.  1887. 

194.  The  points   of  contact  of  tangents  to  a  series  of 
confocal  ellipses  from  a  fixed  point  on  either  axis  lie  on  a 
circle.  [Qu.  1887. 

195.  If  F  and  Z  be  the  feet  of  the  perpendiculars  from 
the  foci  on  the  tangent  to  an  ellipse  at  P,  prove  that  the  tan- 
gents at  F  and  Z  to  the  auxiliary  circle  meet  on  the  ordinate 
of  P,  and  that  the  locus  of  their  intersection  is  an  ellipse. 

[CATH.  1887. 
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196.  The  tangents  at  the  points   P,  Pf  of  an   ellipse 
meet  in  T,  and  the  normals  meet  the  axis  in  G,  G'  respect- 
ively ;  shew  that  PG,  P'G'  subtend  equal  angles  at  T. 

[JES.  1887. 

197.  Prove  that  the  locus  of  the  focus  of  a  parabola 
which  passes  through  two  fixed  points,  situated  on  a  diameter 
of  a  given  circle  and  equidistant  from  the  centre,  and  which 
has  a  tangent  to  the  circle  for  directrix,  is  an  ellipse  whose 
foci  are  the  two  fixed  points.  [JES.  1887. 

198.  Prove  that  the  tangents  drawn  from  the  extremity 
of  a  diameter  of  an  ellipse  to  the  circle  described  on  the 
axis  minor  as   diameter   form  with   the   focal   distances   of 
either  extremity  of  the  conjugate  diameter  a  parallelogram 
the  difference  of  whose  sides  is  equal  to  the  semi-axis  major. 

[JES.  1887. 

199.  Inscribe  in  an  ellipse  a  triangle  similar  to  a  given 
triangle.  [CLARE,  1883. 

200.  Two  conjugate  diameters  of  an  ellipse   meet  the 
auxiliary  circle  in  P  and  Q.      If  P'  and  Qf  be  the  points  on 
the  ellipse  corresponding  to  P  and  Q,  prove  that  the  tangents 
at  P'  and  Q'  are  at  right  angles.  [JES.  1887. 

201.  CA,  CB  are  fixed  conjugate  diameters  and  CP,  CQ 
variable  conjugate  diameters  of  an  ellipse;   AP,  BQ  meet 
in  L ;  shew  that  the  locus  of  L  is  a  similar  and  similarly 
situated  ellipse.  [JES.  1887. 

202.  If  TP,  TP'  be  two  tangents  to  an  ellipse  and  PG, 
P'G'  the  normals  at  P  and  P',  and  if  on  TP  and  TP'  points 
Q,  Q'  be  taken  so  that  TQ  =  TG  and  TQf  =  TG',  shew  that 

'  =  2PJ7  when  U  is  the  middle  point  of  GQ'.    [JOH.  1886. 


203.  If  a  rectangle  circumscribes  an  ellipse,  prove  that 
its  diagonals  are  the  directions  of  conjugate  diameters. 

[Jon.  1887. 

204.  TP  and  TQ  are  two  tangents  to  an  ellipse,  one  of 
whose  foci  is  8.     PQ  and  8T  intersect  in  X  and  from  F,  the 
middle  point  of  PQ,  a  perpendicular  FF  is  drawn  to  ST '• 
prove  that  PF2  :PX.  XQ  ::  SY:  SX.  [Jon.  1887. 
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205.  T,  T  lie  on  CA,  CB  the  semi-axes  of  an  ellipse 
respectively,  and  TT'  is   parallel  to  AB.      Prove  that  two 
tangents   drawn,  one   from    jf,  the   other   from   T',  to   two 
adjacent  quadrants  of  the  ellipse  will  be  parallel  to  conju- 
gate diameters.  [PET.  1885. 

206.  If  8T  is  the  perpendicular  from  the  focus  8  on  the 
tangent  to  an  ellipse  at  P,  prove  that  SY,  CP  meet  on  the 
directrix.  [PET.  1886. 

207.  PP'  is  a  diameter  of  an  ellipse,  the  tangents  at 
P  and  Q  are  at  right  angles  :    prove    that   the    normal  to 
the  ellipse  at  Q  bisects  the  angle  PQP'.  [CLARE,  1886. 

208.  Pp  a  chord  of  an  ellipse  perpendicular  to  AC  is 
produced   to   meet   the   auxiliary  circle   in  P'  and  p,  and 
the  normal  at  P  intersects  CP'  and  Cp'  in  Q  and  q  :  prove 
that  PQ  =  Pq  =  CD  and  P'Q  =  BC.        [CLARE,  1886. 


209.  A  tangent  to  an  ellipse  at  P  cuts  the  major  axis  in 
T,  and  CD  is  the  diameter  parallel  to  PT  ;  prove  that 

TP2  +  CD2  =  ST  .  TH.        [CLARE,  1886. 

210.  If  P  be  a  point  on  an  ellipse,  and  the  focal  distance 
SP  meet  the  conjugate  diameter  in  E,  then  the  difference  of 
the  squares  on  CP  and  8E  will  be  constant.        [TRIN.  1885. 

211.  Two  fixed  points,  Q  and  R,  and  a  variable  point  P 
are  taken  on  an  ellipse  ;  prove  that  the  locus  of  the  ortho-  , 
centre  of  the  triangle  PQR  is  a  similar  ellipse.    [TRIN.  1886. 

212.  Two  ellipses  have  a  common  focus  and  equal  major 
axes  ;  if  one  ellipse  revolves  about  its  focus  in  its  own  plane, 
prove  that  its  chord  of  intersection  with  the  other  ellipse 
envelopes  a  conic  confocal  with  this  ellipse.  [TRIN.  1886. 

213.  From   a   point   R   on  an  ellipse  two  chords  RQ, 
RQ'  are  drawn  parallel  to  conjugate  diameters  CP  and  CD  ; 
the  tangent  at  R  meets  QQ'  produced  in  T.     Prove  that 

:  CD*.  TRIN.  1886. 
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214.  Two  concentric  ellipses  have  the  same  major  axis, 
and  their  semi-minor  axes  are  CB  and  Cb ;  the  ordinate  of 
any  point  P  on  the  first  ellipse  meets  the  second  ellipse  in  p : 
shew  that 

CP*-CB*  :  Cpz-Cbz  =  CA*-CB2  :  CAz-Cb*. 

[TRIN.  1886. 

215.  A  series  of  ellipses  is  described  with  equal  major 
axes.     The  ellipses  have  one  fixed  common  focus  and  one 
fixed  common  point.      Prove    that  two  consecutive  ellipses 
intersect   along   the  moving  focal  chord  through  the   fixed 
point.     Also  prove  that  the  locus  of  the  point  of  intersection 
is  an  ellipse  having  the  fixed  focus  and  fixed  point  as  foci. 

[PEMB.  1885. 

216.  TP,  TQ  are  tangents  to  an  ellipse  at  the  extremities 
of  conjugate  diameters,  S  is  the  focus,  TR  is  the  perpen- 
dicular on  SP.     Prove  that  TR  is  equal  to  the  semi-minor 
axis.  [CAius,  1885. 

217.  Being  given  of  an  ellipse,  a  focus,  a  tangent  in 
position,  and  the  length  of  its  minor  axis :   prove  that  the 
locus  of  its  centre  is  a  straight  line.  [CAIUS,  1885. 

218.  A  given  straight  line  moves  with  one  extremity 
on  the  circumference  of  a  circle  the  radius  of  which  is  equal 
to  the  given  line,  and  with  the  other  extremity  on  a  fixed 
diameter   of   the   circle.      Shew   that   every   point   of   the 
straight  line  describes  an  ellipse.     Also  shew  that  the  sum 
of  the  semi-axes  of  each  ellipse  is  equal  to  the  diameter 
of  the  circle.  [T.  H.  1886. 

219.  Let  PQ  be  a  chord  of  an  ellipse,  R  the  extremity 
of  the  diameter  CR  bisecting  PQ,  P',  Qf,  R  the  corresponding 
points  to  P,   Q,  R  on  the  auxiliary  circle;   shew  that  R 
is  the  middle  point  of  the  arc  PQ'.     If  CR  cut  the  ellipse 
in  T,  and  T'  be  the  corresponding  point  on  the  auxiliary 
circle,  shew  that  CT'  is  perpendicular  to  PQ.  [K.  1885. 

220.  From  a  point  T  on  the  auxiliary  circle  of  an  ellipse 
an  ordinate   TPP'N  is  drawn  to  the  major  axis  meeting 
the  ellipse  in  P,  the  chord  of  contact  of  tangents  from  T  in 
P',  and  the  major  axis  in  N:  prove  that 

.XT.  [Qu.  1886. 
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221.  A,  B  are  two  given  points.    Ellipses  of  given  eccen- 
tricity are  drawn  so  as  to  pass  through  A  and  have  AB  for 
normal  at  A ;  and  so  that  their  axes  pass  through  B :  find 
the  loci  of  the  foci.  [OATH.  1886. 

222.  On  PN,  any  ordinate  to  a  fixed  diameter  of  an 
ellipse,  produced  if  necessary,  is  taken  a  point  Q,  such  that 
NQ  is  to  NP  as  the  diameter  conjugate  to  PN  is  to  the 
diameter  parallel  to  PN;  prove  that  the  locus  of  Q  is  an 
ellipse  and  determine  the  positions  of  the  axes.     [PET.  1861. 

223.  If  P,  Q  be  two  points  on  an  ellipse  such  that  the  sum 
of  their  abscissae  is  constant,  the  locus  of  the  intersection  of  the 
tangents  at  P  and  Q  is  a  similar  and  similarly  situated  ellipse, 
passing  through  the  centre  of  the  former.  [CAIUS,  1861. 

224.  TYLZ  is  a  tangent  at  L,  the  extremity  of  the  latus 
rectum,  meeting   the  axis   major  in   T,  and    the  auxiliary 
circle  in  YZ.     Shew  that  the  ratio  YL  :  YZ  is  equal  to  that 
of  the  latus  rectum  to  twice  the  axis  major.  [Jss.  1861. 

225.  TP,  TQ  are  tangents  to  an  ellipse  at  P,  Q ;  TV,  the 
tangent  at  T  to  a  confocal  ellipse,  meets  PQ  produced  in 
V:  prove  that 

VP  :  VQ  ::  TP  :  TQ.  [TRIN.  1861. 

226.  If  the  intercept  on  the  normal  to  an  ellipse  made 
by  one  of  its  axes  is  equal  to  one  of  the  focal  radii  vectores 
to   the  point  whence  the  normal   is  drawn,   the  intercept 
made  by  the  other  axis  will  be  equal  to  the  other  focal 
radius  vector.  [PET.  1861. 

227.  From  a  point  P  on  a  parabola  a  line  is  drawn  per- 
pendicular to  the  directrix  and  meeting  it  in  M:  prove  that  the 
locus  of  the  intersection  of  AP  and  SMis  an  ellipse;  A  being 
the  vertex  of  the  curve,  and  $  the  focus.  [CLARE,  1882. 

228.  Two  ellipses  have  equal  minor  axes  and  one  focus 
common.     Prove  geometrically  that  the  diameters  conjugate 
to  the  straight  lines  joining  the  points  of  contact  of  the 
common   tangents  in  each  ellipse  are  proportional   to  the 
major  axes.  [CLARE,  1882. 
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229.  If  S,  8'  be  the  foci,  P,  Q  any  points  on  the  ellipse ; 
P',  Q'  the  points  in  which  SP,  SQ  produced  are  met  by 
the  perpendiculars  from  $'  upon  the  tangent  at  P  and  Q 
respectively ;  R  the  intersection  of  the  straight  lines  PQ, 
P'Q';  then  will  S'R  bisect  the  exterior  angle  of  the  triangle 
PS'Q. 

230.  From  the  foci  S,  H  of  an  ellipse,  whose  centre  is 
C,  SY,  HZ  are  drawn  perpendicular  to  the  tangent  at  P; 
SP,  HZ  produced  meet  in  I ';  TO,  YS  produced  meet  in  Q, 
and   TS  produced   meets   the  circle  described   about   TQY 
in  R.     Shew  that  the  locus  of  R  is  a  circle.  [JES.  1882. 

231.  If  from  any  point  P  on  an  ellipse  chords  PQ,  PQ' 
be  drawn  parallel  to  the  axes,  the  normal  at  P  cuts  QQ'  in  a 
constant  ratio.  [JES.  1882. 

232.  From  a  point  T  tangents  TP,  TQ  are  drawn  to  an 
ellipse.     If  the  bisector  of  the  angle  PTQ  passes  through  a 
fixed  point  0  on  the  major  axis  of  the  conic,  the  locus  of  T 
is  a  circle.  [JES.  1882. 

233.  If  -FP,  TQ  be  a  pair  of  tangents  to  an  ellipse  from 
a  point  T  on  the  auxiliary  circle,  prove  that  the  quadrilateral 
formed  by  joining  SS'PQ  has  two  of  its  sides  parallel.    Prove 
also  that  if  0  be  the  intersection  of  the  diagonals  the  angles 
CTP,OTQ  are  equal.  [JES.  1886. 

234.  The  tangents  at   two  points  P,   Q  of  an  ellipse 
intersect  on  a  concentric  circle.     Shew   that   the   straight 
line  PQ  touches  a  concentric  and  coaxial  ellipse  whose  axes 
are  in  the  duplicate  ratio  of  the  axes  of  the  first  ellipse, 
and  shew  also  that  the  point  of  contact  of  PQ  with  its 
envelope  never  bisects  PQ  except  when  PQ  is  perpendicular 
to  an  axis  of  the  two  ellipses.  [JES.  1886. 

P 

235.  P  is  any  point  on  a  fixed  circle,  PL  is  drawn  in 
a  given  direction  and  is  of  constant  length,  and  the  circle  on 
PL  as  diameter  cuts  the  given  circle  again  in  Q :  shew  that 
PQ  always  touches  a  fixed  ellipse.  [JES.  1886. 

236.  Prove  that  any  focal  chord  of  an  ellipse  is  a  third 
proportional  to  the  axis  major  and  the  diameter  parallel  to 
it.  [JES.  1886. 
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237.  PSQ  is  a  focal  chord  of  an  ellipse,  and  the  tangents 
at  P  and  Q  meet  in  Z.     Prove  that 

SZ*  +  BC2  :  2SZ*  ::  CA  :  PQ.         [JES.  1886. 

238.  If  the  normals  at  conjugate  points  P  and  D  of  an 
ellipse  meet  in  E,  prove  that  CE  is  perpendicular  to  PD. 

[Jon.  1885. 

239.  If  the  circle  passing  through  the  foci  and  one  end 
of  the  minor  axis  of  an  ellipse  meet  the  curve  in  P  and  Q, 
prove  that  the  distances  of  the  tangents  at  P  and  Q  from 
the  centre  are  each  equal  to  the  distance  of  a  focus  from  the 
centre.  [JOH.  1885. 

240.  If  a  circle  roll  on  the  inside  of  the  circumference  of 
a  circle  of  double  its  radius,  prove  that  any  point  in  the  area 
of  the  rolling  circle  traces  out  an  ellipse.     Prove  that  the 
ellipse  traced  by  the  middle  point  of  a  radius,  and  the  ellipse 
traced  by  the  point  on  the  radius  produced,  whose  distance 
from  the  centre  of  the  rolling  circle  is  equal  to  its  diameter, 
are  similar  curves.  [Jon.  1885. 

241.  Two  parallel  tangents  to  an  ellipse  touch  it  at  P 
and  Q.     Another  tangent  at  R  cuts  these  in  T  and  T',  and 
PT'  and  QT  intersect  in  V.     Prove  that  RV  is  parallel  to 
PT  and  QT',  and  is  equal  to  half  their  harmonic  'mean. 

[Jon.  1885. 

242.  Prove  the  existence  of  the  director  circle  of  an 
ellipse,  and  prove  that  the  directrix  of  the  ellipse  is  the 
radical  axis  of  the  director  circle  and  of  a  point  circle  at  the 
corresponding  focus.  [Jon.  1886, 

243.  If  CK  be  drawn  from  the  centre  C  perpendicular  to 
the  tangent  at  a  point  P  of  an  ellipse,  and  the  circle  round 
PKB  meet  the  major  axis  in  M,  and  with  M  as  centre  and 
CB  as  radius  a  circle  be  described  cutting  the  minor  axis  in  N 
and  N',  shew  that  MNGN'  is  circumscribable  by  a  circle. 

[PET.  1884. 

244.  An  ellipse  is  drawn  through  two  fixed  points  A  and 
B  and  is  similar  and  similarly  situated  to  a  fixed  ellipse  which 
it  cuts  in  C  and  D.    AC,  AD  cut  the  fixed  ellipse  again  in  E 
and  F.     Shew  that  the  lines  CD,  EF  each  pass  through  a 
fixed  point.  [PET.  1884. 
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245.  If  S  and  H  be  the  foci  and  TP,  TQ  two  tangents  to 
an  ellipse  at  right  angles  to  each  other  and  TM  perpendicular 
to  SP ;  shew  that 

ST.HT  =  2TM .  A C.  [PET.  1884. 

246.  Two  ellipses  have  the  same  foci,  from  points  on  the 
outer  tangents  are  drawn  to  the  inner ;  find  the  envelope  of 
the  chord  of  contact.  [CLARE,  1885. 

247.  On  any  chord  of  an  ellipse  passing  through  a  fixed 
point  on  the  major  axis,  a  circle  is  described  having  the  chord 
as  diameter ;  prove  that  the  line  joining  the  other  two  points 
of  intersection  of  the  ellipse  and  circle  passes  through  a  second 
fixed  point  on  the  major  axis.  [CLARE,  1885. 

248.  AA'  is  the  major  axis  of  an  ellipse  of  which  $  and 
$'  are  the  foci,  AR,  A'R  are  drawn  parallel  to  SP,  and  S'P 
to  meet  the  tangent  at  P  in  R  and  R' :  prove  that 

AP  +  A'R  =  A  A'.  [CLARE,  1885. 

249.  If  the  tangent  and  normal  at  a  point  P  of  an  ellipse 
meet  the  major  axis  in  T  and  G  respectively ;  prove  that  the 
circles  described  on  such  intercepts  as  GT  have  a  common 
radical  axis.  [CLARE,  1885. 

250.  Two  given  ellipses  on  the  same  plane  have  a  com- 
mon focus,  and  one  revolves  about  the  common  focus,  while 
the  other  remains  fixed ;  prove  that  the  locus  of  the  point  of 
intersection  of  their  common  tangents  is  a  circle. 

[Turn.  1885. 

251.  'If  AQ  be  drawn  from  one  of  the  vertices  of  an 
ellipse  perpendicular  to  the  tangent  at  any  point  P,  prove 
that  the  locus  of  the  point  of  intersection  of  PS  and  QA 
produced  will  be  a  circle,  S  being  one  of  the  foci. 

[TRiN.  1885. 

252.  Through  the  centre  of  an  ellipse  whose  foci  are 
S,  S'  two  constant  equal  lines  are  drawn  parallel  to  SP,  PS' 
where  P  is  a  point  on  the  ellipse :  prove  that  the  locus  of 
the  fourth  angular  point  of  the  parallelogram  having  the 
equal  lines  as  adjacent  sides  is  a  circle.  [TRIN.  1885. 


PROBLEMS.  177 

253.  8  and  H  are  foci  of  an  ellipse  and  T  a  point  on  the 
major  axis  produced.    A  circle  is  described  on  SH  as  diameter. 
Another  circle  is  described  to  cut  the  first  at  right  angles  and 
also  to  cut  the  major  axis  at  right  angles  in  T.     Shew  that 
the  latter  circle  meets  the  ellipse  upon  T's  polar  with  respect 
to  the  ellipse.  [PEMB.  1883. 

254.  The  normal  at  a  point  P  of  an  ellipse  meets  the 
axes  in  G,  Gf.     Shew  that  if  GK  is  the  perpendicular  from 
the  centre  on  the  tangent  at  P,  0  the  middle  point  of  CG 
and  0'  the  middle  point  of  CG',  then  will  OB  =  OK  =  OP, 
and  O'A  =  O'K  =  O'P.  [Turn.  1885. 

255.  SY  and  HY'  are  perpendiculars  from  the  foci  $ 
and  H  of  an  ellipse  upon  a  tangent  and  X  and  X'  are  the 
feet  of  the  corresponding  directrices;   prove  that  XY  and 
X'Y'  intersect  on  the  minor  axis.  [TuiN.  1885. 

256.  An  ellipse  is  traced  on  paper,  shew  how  to  find  its 
principal  axes.  [TRIN.  1885. 

257.  If  P  be  any  point  on  the  tangent  at  A,  the  ex- 
tremity of  the  major  axis  of  an  ellipse,  and  if  PT  be  the 
other  tangent  from  P  to  the  ellipse,  prove  that  PT  is  longer 
than  PA.  [PEMB.  1885. 

258.  Two  similar  and  similarly  situated  ellipses,  centres 
G,  G'  touch  one  another  at  a  vertex  A  :  through  A  is  drawn 
a  chord,  meeting  the  ellipses  in  P,  Q  respectively :  PC,  QCr 
intersect  in  R.     Find  the  locus  of.fi.  [PEMB.  1884. 

259.  From  any  point  T  on  the  auxiliary  circle  of  an , 
ellipse  tangents  are  drawn,  touching  the  curve  at  P  and  Q. 
If  Ppt  Qq  be  the  diameters  through  these  points,  shew  that 
Pq,  Qp  will  be  focal  chords.  [PEMB.  1884. 

260.  The  angular  points  of  a  triangle  are  a  point  on 
a  given  ellipse,  the  centre  of  the  ellipse,  and  a  focus  of  the 
ellipse :  prove  that  the  locus  of  the  centre  of  gravity  of  the 
triangle  is  a  similar  ellipse.  [T.  H.  1885. 

261.  If  the  tangent  at  any  point  of  an  ellipse  intersect 
the  tangents  at  the  extremities  of  the  major  axis  in  R  and 
R,  then  the  circle  described  on  RR  as  diameter  will  pass 
through  the  foci.  [T.  H.  1885. 
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262.  Any  two  fixed  points  are  taken  on  the  major  axis 
of  an  ellipse ;  through  one  a  line  is  drawn  parallel  to  S'P, 
through  the  other  are  drawn  lines  parallel  to  YS,  YS':  prove 
that  the  latter  meet  the  former  in  points  which  are  the 
extremities  of  a  diameter  of  a  fixed  circle.  [T.  H.  1885. 

263.  PGg  normal  to  the  ellipse  at  P  meets  the  axes  in 
G  and  g.   A  circle  is  described  on  Gg  as  diameter  and  another 
circle  described  with  P  as  centre,  and  cutting  the  former  at 
right  angles,  intersects  PGg  in  Q,  Q' ;  prove  that  the  triangles 
SPQ,  S'Pty  are  similar.  [Cm.  1885. 

264.  From  any  point  Q  of  a  given  circle  QR  is  drawn 
perpendicularly  to  a  fixed  tangent  and  is  divided  in  P  so 
that  QP  :  PR  is  in  a  given  ratio ;  shew  that  the  locus  of  P 
is  an  ellipse.  [Qu.  1885. 

265.  If  the  diameters  through  the  ends  of  the  latera 
recta  of  an  ellipse  are  conjugate  diameters,  then  the  line 
joining  the  foci  subtends  a  right  angle  at  the  ends  of  the 
minor  axis.  [Qu.  1885. 

266.  If  the  normal  at  P  of  an  ellipse  pass  through  the 
extremity  of  the  minor  axis  then  the  circle,  described  on  the 
line  joining  the  foci  as  diameter,  will  touch  the  tangent  at 
P  to  the  ellipse.  [Qu.  1885. 

267.  A  circle  is  drawn  touching  an  ellipse  in  two  points 
P  and  Q  symmetrically  situated  with  regard  to  the  axis  and 
passing   through   the   focus  S,  shew   that  SP  =  SQ  =  latus 
rectum.  [OATH.  1885. 

268.  Project  the  following  theorem  : — If  OA  and  OB  be 
radii  of  the  circle  at  right  angles  to  each  other,  and  P  and  Q  be 
points  lying  respectively  on  the  productions  of  0 A  and  OB ; 
then  PB  and  QA  will  meet  on  the  circle  if  the  rectangle 
AP .  BQ  be  equal  to  twice  the  square  on  the  radius  of  the 
circle.  [Jon.  1884. 

269.  CA,  CB  are  the  semi-axes  of  an  ellipse.     If  the 
rectangle  ACBV  be  completed,  and  the  curve  bisect  SV, 
shew  that  A C*  +  BC2  =  2AO .  CS.  [PET.  1883. 

270.  Tangents  are  drawn  to  an  ellipse  from  any  point 
on  the  line  through  the  focus  perpendicular  to  the  axis : 
prove  that  the   length  intercepted  by  them  on  the  corre- 
sponding directrix  is  bisected  by  the  axis.  [PET.  1883. 
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271.  PSQ,  PHR  are  focal  chords  of  an  ellipse,  QT,  RT 
the  tangents  at  Q  and  R.    Shew  that  PT  is  the  normal  at  P. 

[PET.  1884. 

272.  TP,  TQ  are  tangents  to  an  ellipse  at  P  and  Q; 
Cp,  Cq  are  the  respective  parallel  semi-diameters ;  Tp,  PC 
(produced  if  necessary)  meet  in  L  and  Tq,  QG  in  M\  PM,  QL 
are  produced  to  meet  in  V.     Prove  that  TGV  is  a  straight 
line.  [PET.  1884 

273.  A  circle  and  an  ellipse  have  a  common  diameter, 
from  any  point  on  this  diameter  tangents  are  drawn  to  the 
ellipse  and  circle,  prove  that  the  lines  joining  the  points  of 
contact  are  parallel  to  a  fixed  line.  [CLARE,  1884. 

274.  A  series  of  ellipses  have  a  common  centre  and  have 
two  conjugate  diameters  given  in  direction  and  also  the  sum 
of  the  squares  of  their  axes,  prove  that  they  all  touch  four 
straight  lines.  [CLARE,  1884. 

275.  Through  a  given  point  0,  a  chord  OPQ  is  drawn 
to  a  given  ellipse :   find  the  stationary  values  of  the  rect- 
angle OP .  OQ,  and  distinguish  between  the  maximum  and 
minimum  values.  [TRIN.  1883. 

276.  P,  Q,  R  are  three  points  on  an  ellipse,  centre  (7, 
RP,  RQ  meet  the  diameter  AC  A'  which  bisects  PQ  in  N 
and  T.     Shew  that       CN.CT=  CA\  [TRIN.  1884. 

277.  The  diameter  parallel  to  any  focal  chord  of  an 
ellipse  is  equal  to  the  chord  joining  the  points  on  the  auxiliary 
circle  which  correspond  to  the  extremities  of  the  focal  chord. 

[TRIN.  1884. 

278.  Shew  how  to  draw  a  focal  chord  of  given  length  in 
a  given  ellipse  and  prove  that  if  the  two  chords  so  drawn  be 
PQ  and  P'Q',  then  a  circle  can  be  described  round  PP'QQ'. 

[TRIN.  1884. 

279.  If  a  triangle  can  be  inscribed  in  an  ellipse  with  its 
centre  of  gravity  at  the  centre  of  the  ellipse  the  triangle  must 
be  the  greatest  triangle  which  can  be  inscribed.  [TRIN.  1884. 

280.  If  the  normal  PG  to  an  ellipse  pass  through  B, 
prove  that  BG  is  equal  to  half  the  distance  between  the  foci. 

[PEMB.  1884. 
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281.  If  a  tangent,  its  point  of  contact  and  one  focus  of 
an  ellipse  be  given,  find  the  locus  of  its  centre.  [CAIUS,  1884. 

282.  On  TQ,  TQ'  a  pair  of  tangents  to  an  ellipse,  whose 
foci  are  S  and  H,  TR,  TR'  are  taken  equal  to  TS  and  TH 
respectively ;  prove  that  RR'  is  equal  to  the  major  axis,  and 
that  if  TS  cut  RR  in  W,  TW  is  equal  to  TQ.    [CAIUS,  1884. 

283.  A  given  straight  line  moves  with  one  extremity  on 
the  circumference  of  a  circle  the  radius  of  which  is  equal  to 
the  given  line,  and  with  the  other  extremity  on  a  fixed  dia- 
meter of  the  circle.     Shew  that  every  point  of  the  straight 
line  describes  an  ellipse.     Also  shew  that  the  sum  of  the 
semi-axes  of  each  ellipse  is  equal  to  the  diameter  of  the  circle. 

[MAG.  1884. 

284.  If  the  tangent  at  a  point  P  of  an  ellipse  meet  the 
tangent  at  the  vertex  A  in  T  and  S'  be  the  focus  further 
from  A,  then  TA  is  equal  to  the  perpendicular  from  Ton  S'P. 

[Qu.  1884. 

285.  If  CY,  CZ  be  drawn  perpendicular  to  the  tangents 
to  an  ellipse  at  P  and  D  conjugate  points,  and  D'  be  the 
opposite   end   of  the   diameter  CD,  shew  that  PD'  is  the 
diameter  of  the  circle  described  round  the  triangle  YCZ. 

[Qu.  1884. 

286.  Having  given  the  auxiliary  circle  of  an  ellipse  and 
a  tangent  to  the  ellipse  touching  the  ellipse  at  a  given  point, 
find  the  foci  of  the  ellipse.  [OATH.  1884. 

287.  If  AA  is  the  transverse  axis  of  an  ellipse,  and  if 
Y,  Y'  are  the  feet  of  the  perpendiculars  let  fall  from  the  foci 
on  the  tangent  at  any  point  of  the  curve,  prove  that  the  locus 
of  the  point  of  intersection  of  AY  and  AY  is  an  ellipse. 

[TRIN.  1885. 

288.  The  perpendicular  from  C  on  QQ'  meets  the  auxi- 
liary circle  in  R ;  through  G  a  line  is  drawn  parallel  to  PR 
meeting  a  perpendicular  to  QQ'  through  V  in  0,  Q  VQ'  being 
a  double  ordinate  to  the  diameter  CP.     Prove  that,  if  an 
ellipse  be  described  through  Q  and  Q  with  0  as  centre  and 
major  axis  equal  to  that  of  the  given  ellipse,  it  will  have  its 
minor  axis  equal  to  LCD'.  [TRIN.  1886. 
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289.  Through  the  foci  S,  H  of  an  ellipse  two  lines  PSP', 
QHQ'  are  drawn  meeting  two  tangents  PQ,  P'Q'  and  such 
that  PP',  QQ'  are  bisected  in  S  and  H  respectively.     Shew 
that  a  circle  can  be  described  about  the  quadrilateral  PQQ'P'. 

[JES.  1884 

290.  In  the  ellipse  if  the  perpendiculars  from  G  and  C 
on  CP  and  the  tangent  at  P  meet  in  H,  and  the  circle  on  CH 
as  diameter  meet  the  tangent  at  P  in  L,  prove  that  CL  is 
equal  to  the  tangent  drawn  from  P  to  the  circle  described  on 
the  axis  minor  as  diameter.  [JES.  1884. 

291.  The   locus  of  the  intersection  of  tangents  to  an 
ellipse  at  right  angles  is  a  circle.  [JES.  1834. 

If  the  tangent  at  P  cut  this  circle  in  T,  prove  that  TP 
subtends  at  the  foci  angles  which  are  complementary. 

292.  A  circle  passing  through  the  foci  of  an  ellipse  inter- 
sects the  curve  at  P  and  Q  on  opposite  sides  of  the  axis. 
Prove  that  the  sum  of  the  squares  of  the  perpendiculars  from 
the  centre  on  the  tangents  at  P  and  Q  is  equal  to  the  square 
on  AC.  [Jon.  1883. 

293.  From  the  foci  S,  H ,  SO,  HO'  are  drawn  perpen- 
dicular to  SP,  HP  to  meet  the  normal  at  P  in  0,  0'.     Shew 
that  00'  is  bisected  by  the  minor  axis.  [PET.  1883. 


HYPERBOLA. 

294.  Give  in  magnitude  and  position  the  two  axes  AC  A', 
BOB'  of  a  hyperbola,  construct  geometrically  a  pair  of  con- 
jugate diameters  PGP',  DCD',  which  shall  contain  a  given 
angle.  [I.  C.  S.  1886. 

295.  A  straight  line  cuts  a  pair  of  conjugate  diameters 
of  a  hyperbola  in  P  and  D,  and  a  second  pair  in  P'  and  D' ; 
if  0  be  the  middle  point  of  the  line  intercepted  between  the 
asymptotes,  prove  that 

OP  .  OD  =  OP' .  OJy.          [I.  C.  S.  1886. 

296.  Given  one  focus,  a  tangent,  and  the  length  of  the 
minor  axis  a  hyperbola,  shew  that  the  locus  of  the  centre  is 
a  straight  line.  [I.  C.  S.  1885. 
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297.  If  two  tangants  of  a  hyperbola  intersect  on  one 
branch  of  the  conjugate  hyperbola,  prove  that  their  chord  of 
contact  touches  the  other  branch.  [I.  C.  S.  1885. 

298.  Through  ^Vthe  foot  of  the  ordinate  of  a  point  P  on 
a  hyperbola  draw  NQ  parallel  to  AP  to  meet  CP  in  Q.    Prove 
that  AQ  is  parallel  to  the  tangent  at  P.  [I.  C.  S.  1884. 

299.  Two  angular  points  of  an  equilateral  triangle  are 
respectively  the  centre  and  one  focus  of  a  hyperbola,  and  one 
side  of  the  triangle  is  an  asymptote.     Find  where  the  other 
two  sides  are  cut  by  the  curve.  [I.  C.  S.  1883. 

300.  If  two  sides  of  a  triangle  are  fixed  in  direction  and 
the  third  passes  through  a  fixed  point,  the  locus  of  the  centres 
of  the  circles  circumscribing  the  triangle  will  be  a  hyperbola. 

[I.  C.  S.  1883. 

301.  A  circle  is  described  having  for  diameter  a  chord 
of  a  rectangular  hyperbola  with  its  ends  on  different  branches. 
Prove  that  the  perpendiculars  drawn  to  this  chord  from  the 
other  points  of  intersection  of  the  circle  and  hyperbola  are 
tangents  to  the  hyperbola.  [PET.  1887. 

302.  Given  in  position  the  asymptotes  and  one  tangent 
to  a  hyperbola,  shew  how  to  construct  the  curve. 

[PET.  1887. 

303.  A  circle  and  a  rectangular  hyperbola  intersect  in 
four  points  which  lie  on  a  given  parabola;  prove  that  an  axis 
of  the  hyperbola  is  parallel  to  the  axis  of  the  parabola  ;  and 
shew  that  whatever  curve  the  centre  of  the  hyperbola  (or 
circle)  describes,  the  centre  of  the  circle  (or  hyperbola)  will 
describe  an  equal  curve,  the  two  centres  moving  over  their 
respective  curves  in  opposite  directions.  [PET.  1887. 

304.  A  parabola  and  rectangular  hyperbola,  one  of  whose 
asymptotes  is  the  axis  of  the  parabola,  each  circumscribe  the 
triangle  PQR  whose  sides  cut  the  axis  of  the  parabola  in  p, 
q,  r,  respectively.     If  A  be  the  vertex  of  the  parabola,  and 
PN  the  ordinate  of  P,  prove  that 

Aq  +  Ar  =  AN. 

[PET.  PEMB.  &c.  1888. 
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305.  With   each  pair  of  three  given  points  as  foci,  a 
hyperbola  is  drawn  passing  through  the  third  point :  shew 
that  the  three  hyperbolas  thus  drawn  intersect  in  a  point. 

[Turn.  1888. 

306.  Shew  that  all  the  conies  which  pass  through  the 
three  vertices  of  a  triangle  and  the  intersection  of  its  three 
perpendiculars  are  equilateral  hyperbolas :  and  determine  the 
locus  of  the  centre  of  these  hyperbolas. 

[LOND.  1st  B.A.  HON.  1872. 

307.  Two  points  P,  Q  are  taken  on  a  hyperbola  so  that 
the  tangent  at  P  and  a  parallel  through  Q  to  one  asymptote 
intersect  on  the  other  asymptote ;  shew  that  the  tangent  at 
Q  and  a  parallel  through  P  to  the  second  asymptote  intersect 
on  the  first  asymptote.  [TmN.  1888. 

308.  Given  a  hyperbola  traced  on  paper,  how  would  you 
find  its  transverse  and  conjugate  axes  and  its  asymptotes  ? 

[T.  H.  1888. 

309.  Having  given  the  asymptotes  of  a  hyperbola  and  a 
point  on  the  curve,  find  the  foci,  directrices,  and  vertices. 

[C.  C.  C.  1888. 

310.  C  is    the   centre   of  a   rectangular   hyperbola,   a 
straight   line  LQ  is   drawn   parallel   to  one  asymptote  CM 
meeting  the  other  in  Z,  and  the  angle  QGM  is  bisected  by  a 
straight  line  which  meets  the  hyperbola  in  P ;  shew  that  CQ 
is  proportional  to  (7P2,  Q  being  any  point  on  the  line  LQ. 

[OATH.  1888. 

311.  The  perpendiculars  drawn  from  the  foci  of  a  rect- 
angular hyperbola  on  the  tangent  at  any  point  P  meet  the 
curve  in  points  K,  L,  M  and  N.     Prove  that  KLMN  is  a 
parallelogram  two  of  whose  sides  are  at  right  angles  to  the 
diameter  through  P.  [JES.  &c.  1888. 

312.  One   asymptote   and  three  points  of  a  hyperbola 
being  given,  construct  the  other  asymptote. 

[JES.  &c.  1888. 

313.  If  P  be   any  point   of  a  hyperbola  and  A  A'  its 
transverse  axis,  and  if  A'P  and  AP  meet  a  directrix  in  E  and 
F,  prove  that  EF  subtends  a  right  angle  at  the  corresponding 
focus.  [Jon.  1888. 
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314.  With  two  sides  of  a  square  as  asymptotes,  and  the 
opposite  point  as  focus,  a  rectangular  hyperbola  is  described ; 
shew  that  it  bisects  the  other  sides.  [Jon.  1888. 

315.  An  ellipse  is  drawn  having  its  axes,  major  and 
minor,  coincident  in  direction  and  magnitude  with  those  of  a 
hyperbola:  from  any  point  T  on  either  asymptote,  tangents 
TQ,  TQ'  are   drawn  to  the  ellipse :   prove  that  the  circle 
described   round    TQQ'  passes   through   the   centre   of  the 
hyperbola  [CLARE,  1887. 

316.  ABCD   is   a   rectangle.     Two   equilateral  hyper- 
bolas having  their  asymptotes  parallel  to  the  sides  of  the 
rectangle  pass  through  A  and  C,  and  B  and  D,  respectively. 
Prove  that  the  polar  of  the  centre  of  one  hyperbola  with 
respect  to  the  other  coincides  with  the  polar  of  the  centre  of 
the  latter  with  respect  to  the  former.  [TRIN.  1886. 

317.  P  is  a  point  in  the  plane  of  a  triangle  ABC,  such 
that  the  perpendiculars  from  A,  B,  G  upon  PB,  PC,  PA 
respectively  meet  in  a  point.     Shew  that  the  locus  of  P  is 
a  hyperbola  circumscribing  the  triangle  ABG  and  passing 
through  the  points  of  intersection  of  the  perpendiculars  let 
fall  from  A,  B,  G  upon  the  opposite  sides  of  the  triangle  with 
the  straight  lines  drawn  from  B,  C,  A  respectively  perpen- 
dicular to  BA,  CB}  AC.  [TRIN.  1886. 

318.  Prove  that  the  parallel  focal  chords  of  conjugate 
hyperbolas  are  to  one  another  as  the  eccentricities  of  the 
hyperbolas.  [TRIN.  1887. 

319.  Find  the  locus  of  the  intersection  of  the  tangent 
with  a  straight  line  drawn  from  the  focus  making  a  fixed 
angle  with  the  tangent.  [TRIN.  1887. 

320.  P  is  a  point  on  a  hyperbolic  branch  whose  vertex 
is  A,  LPL'  is  the  tangent  at  P  terminated  by  the  asymp- 
totes, and  HP  AM'  is  a  straight  line  terminated  by  lines 
drawn  through  the  further  vertex  parallel  to  the  asymptotes : 
shew  that  LM  and  I'M'  are  parallel.  [MAG.  1887. 

321.  If  P  and  Q  be  any  two  points  on  a  rectangular 
hyperbola,  C  the  intersection  of  the  axes,  PT  the  tangent  at 
P,  QM  and  QN  the  perpendiculars  from  Q  upon  GP  and  PT 
respectively,  shew  that  CM  and  CN  are  equal. 

[MAG.  1887. 
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322.  If  a  tangent  at  P  meets  the  asymptotes  in  L  and 
M  the  locus  of  the  centre  of  the  circle  circumscribing  the 
triangle  LCM  is  a  hyperbola  having  its  asymptotes  at  right 
angles  to  the  original  ones.  [Qu.  1887. 

323.  Ox,  Oy  are  any  two  fixed  straight  lines;  A  lies 
on  Ox  and  B  on  Oy  and  OA  =  OB.     Through  A,  B,  any  two 
parallel  lines  AM,  BN  are  drawn  meeting  Oy  and  Ox  respec- 
tively in  M  and  N ;  shew  that  the  locus  of  the  middle  point 
of  MN  is  a  hyperbola.  [CATH.  1887. 

324.  A  circle  which  passes  through  two  fixed  points 
S,  $',  cuts  two  fixed  straight  lines,  which  are  perpendicular 
to  $$'  and  equidistant  from  its  middle  point,  in  the  points 
P,  Q,  and  P,  Q'.     Shew  that  if  PP  be  not  parallel  to  SS', 
it  will  touch  a  fixed  conic  whose  foci  are  S,  S'. 

[JES.  &c.  1887. 

325.  A  rectangular  hyperbola  is  drawn  passing  through 
two  fixed   points  P,  Q   on  a   fixed   conic,  and   having   an 
asymptote  parallel  to  a  given  straight  line :   shew  that  if 
it  cuts  the  given  conic  again  in  R  and  S,  the  straight  lines 
PR  and  QS  intersect  on  a  fixed  conic.  [JES.  1887. 

326.  OX,  OY  are    fixed  straight  lines;   A   is  a  fixed 
point  on  OX  and  P  a  variable  point  on  0  Y ;  PM  is  drawn 
perpendicular  to  AX  and  Q  taken  on  PM  so  that  AQ  =  PM; 
find  the  locus  of  Q.  [JES.  1887. 

327.  P  is  any  point  on  a  circle  of  which  AB  is  a  fixed 
diameter.     Through  B  a  line  is  drawn  to  meet  PA  produced 
in  Q  so  that  BP,  BQ  make  equal  angles  with  AB.     Find  the  , 
locus  of  Q.  [JES.  1887. 

328.  If  a  triangle  ABC  be  inscribed  in  a  rectangular 
hyperbola,  prove  that  its  orthocentre  P  lies  on  the  hyperbola. 

If  through  P  chords  PA',  PB',  PC'  be  drawn  parallel  to 
the  sides  of  the  triangle,  prove  that  AA,  BB',  CO'  are 
parallel.  [Jon.  1886. 

329.  A  and  G  are  points  on  opposite  branches  of  a  rect- 
angular hyperbola,  and  the  circle  described  on  AC  as  diameter 
meets  the  curve  again  in  B  and  D.    Prove  that  the  distances 
of  any  point  on  the  hyperbola  from  the  sides  of  the  quadri- 
lateral are  proportionals.  [JoH.  1886. 
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330.  The  base  A  A'  of  a  triangle  is  fixed  in  magnitude 
and  position :  prove  that  if  the  difference  of  the  base  angles 
is  a  right  angle,  the  locus  of  the  vertex  is  a  rectangular 
hyperbola. 

If  PN  is  the  perpendicular  on  A  A'  and  NQ,  NQ'  the 
tangents  from  N  to  the  circle  on  A  A'  as  diameter,  prove 
that  PQ  passes  through  A'  and  PQ'  through  A  ;  and  also,  if 
QQ'  intersect  AA'  in  M,  that  PM  is  the  tangent  at  P. 

[Jon.  1887. 

331.  If  a  family  of  rectangular  hyperbolas  be  described 
about  a  triangle,  their  centres  will  all  lie  on  the  nine-point 
circle. 

If  the  triangle  be  right-angled,  all  the  hyperbolas  will 
have  a  common  tangent  at  the  right  angle.  [PET.  1886. 

332.  Prove  geometrically  that  the  locus  of  points  on  a 
system  of  confocal  ellipses  where  the  tangents  are  parallel  to 
a  given  line  is  an  equilateral  hyperbola.  [CLARE,  1886. 

333.  If  the  conjugate  diameters  PCp,  DCd  of  an  ellipse  be 
the  asymptotes  of  a  hyperbola,  QQ'  one  of  the  common  chords, 
Q'R',  QR  chords  of  the  ellipse  parallel  respectively  to  CD  and 
OP,  prove  that         Q'R' :  QR  ::  CD  :  CP.  [CLARE,  1886. 

334.  Prove   that   the  common  chords   of  a   hyperbola 
and  circle  may  be  grouped  in  pairs  which  meet  the  asymp- 
totes  in   coney clic   points ;   and   that   these   circles   are  all 
concentric  with  the  original  circle.  [TRIN.  1886. 

335.  Having  given,  in  a  triangle,  its  base  and  the  differ- 
ence of  its  base  angles,  prove  that  the  locus  of  the  vertex  is  a 
rectangular  hyperbola.     When  is  the  base  of  the  triangle  the 
transverse  axis  ?  [CAius,  1885. 

336.  If  two  concentric  rectangular  hyperbolas  have  a 
common  tangent  the  angle  between  their  transverse  axes 
will  be  half  the  angle  between  the  straight  lines  from  the 
centre  to  the  points  of  contact.  [T.  H.  1886. 

337.  In  a  hyperbola,  supposing  the  two  asymptotes  and 
one  point  of  the  curve  to  be  given  in  position,  find  the  posi- 
sition  of  the  vertices.  [T.  H.  1886. 
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338.  Four  tangents  to  a  hyperbola  form  a  rectangle.     If 
one  side  AB  of  the  rectangle  cut  a  directrix  of  the  hyperbola 
in  X  and  S  be  the  corresponding  focus,  shew  that  the  tri- 
angles XSA,  XSB  are  similar.  [CHR.  &  E.  1885. 

339.  In  the  rectangular  hyperbola,  the  angle  between  a 
chord  PQ  and  a  tangent  at  P  is  equal  to  the  angle  subtended 
by  the  chord  PQ  at  the  other  extremity  of  the  diameter 
through  P. 

340.  Two  rectangular  hyperbolas  touch  one  another  in 
P  and  intersect  in  R  and  S.     Prove  that  the  circle  on  RS 
as  diameter  passes  through  P  and  the  extremities  of  the 
two  diameters  through  P.  [CHR.  &  E.  1885. 

341.  If  an  equilateral  triangle  be  inscribed  in  a  rect- 
angular hyperbola,  find  the  locus  of  the  centre  of  its  circum- 
scribing circle.  [Qu.  1886. 

342.  In  the  rectangular  hyperbola,  prove  that  the  portion 
of  the  normal  at  any  point  intercepted  between  the  point  and 
the  axis,  is  equal  to  that  semi-diameter  of  the  conjugate 
hyperbola  which  is  perpendicular  to  the  normal.    [Jon.  1861. 

343.  Parabolas  are  drawn    passing   through  two  fixed 
points  A   and  B,  and  with   their  axes  parallel  to  a  given 
straight  line ;  if  a  tangent  be  drawn  at  right  angles  to  AB, 
prove  that  the  locus  of  its  point  of  contact  is  a  hyperbola. 

[Jon.  1861. 

344.  A  straight  line  moves  between  two  straight  lines 
at  right  angles  to  each  other  so  as  to  subtend  a  right  angle 
and  a  half  at  a  fixed  point  on  the  bisector  of  the  right  angle ; 
prove  that  it  always  touches  a  rectangular  hyperbola. 

[Jon.  1861. 

345.  Prove  that  a  rectangular  hyperbola,  confocal  to  a 
given  ellipse,  intersects  it  at  the   extremities  of  its  equi- 
conjugate  diameters.  [PET.  1861. 

346.  The  tangent  to  a  parabola  at  P  meets  the  tangent 
at  the  vertex  in  f.     The  ordinate  PN  is  produced  to  R  so 
that  RN  =  PY.     Shew  that  the  locus  of  R  is  a  rectangular 
hyperbola.  [JES.  1882. 
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347.  A  and  B  are  fixed  points  on  a  given  circle,  and  CD 
is  any  chord  of  given  length.     If  CE  be  a  chord  parallel  to 
AB,  and  if  AE,  BD  meet  in  0,  the  locus  of  0  is  a  rectangular 
hyperbola.  [JES.  1882. 

348.  Given   the   auxiliary  circle  of  a  hyperbola  and  a 
point   on   the  curve,  shew  that  the  locus  of  the  foci  is  an 
hyperbola.  [JES.  1886. 

349.  Shew   that   the   locus  of  the  intersection  of  two 
equal  circles  which  touch  two  given  parallel  straight  lines  at 
given  points  A  and  B  and  whose  centres  are  on  the  same 
side  of  AB  is  a  hyperbola.  [JES.  1886. 

350.  Shew  that  the  angle  between  two  tangents  to  a 
rectangular  hyperbola  is  equal  or  supplementary  to  the  angle 
which  their  chord  of  contact  subtends  at  the  centre,  and  that 
the  bisectors  of  these  angles  meet  on  the  chord  of  contact. 

[JES.  1886. 

351.  The  tangent  at  a  point  P  of  a  rectangular  hyper- 
bola meets  the  asymptotes  in  K  and  L,  and  the  normal  at 
P  meets  the  axis  in  G ;  find  the  centre  of  the  circle  circum- 
scribing the  quadrilateral  CKGL.  [Jon.  1885. 

352.  Two  hyperbolas  have  the  same  transverse  axis  and 
a  line  perpendicular  to  it  meets  them  in  points  P  and  P'. 
Prove  that  the  tangents  at  P  and  P'  meet  on  the  transverse 
axis.  [PET.  1884. 

353.  A  tangent  to  a  hyperbola  at  a  point  P  meets  an 
asymptote  in  T.     A  line  RPR  is   drawn   parallel  to   this 
asymptote,  to  meet  a  directrix  in  R'  and  the  line  ST  in  R, 
where  S  is  the  focus  corresponding  to  the  directrix;  prove 
that  R'P  =  RP  =  SP.  [CLARE,  1885. 

354.  Shew  that  if  the  tangent  at  a  point  P  of  a  hyper- 
bola meet  an  asymptote  in  T,  the  angle  between  GT  and  HP 
will  be  double  the  angle  8TP ;  where  C  is  the  centre,  and 
$  and  H  the  foci  of  the  curve.  [TRIN.  1884. 

355.  Shew  that  if  CP,  CD  be  conjugate  semi-diameters 
of  a  hyperbola  whose  foci  are  8  and  H,  then  the  distance  of 
D  from  a  line  drawn  through  C  parallel  to  HP  will  be  equal 
to  the  semi-minor  axis.  [TRIN.  1885. 
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356.  The  tangent  to  a  hyperbola  at  a  point  P  meets  the 
asymptotes  in  Q,  q ;  QM,  qm  are  the  ordi nates  of  Q,  q,  and 
CT  the  perpendicular  from  the  centre  on  the  tangent  at  P. 

If  TM,  Tm  meet  the  normal  at  P  in  K,  L  respectively, 
shew  that  QKqL  is  a  rhombus.  [PEMB.  1885. 

357.  Defining  the  hyperbola  to  be  the  envelope  of  the 
line  which  cuts  off  from  two  fixed  lines  a  triangle  of  constant 
area,  prove  that  the  hyperbola  has  two  asymptotes  and  that 
the  line  touches  the  curve  at  its  middle  point. 

[G.  &  C.  1885. 

358.  Prove  that  the  angle  between  the  tangents  at  a 
point  of  intersection  of  two  concentric  rectangular  hyperbolas 
is  double  of  the  angle  between  their  transverse  axes. 

[T.  H.  1885. 

359.  Let  PQ  be  any  diameter  of  a  rectangular  hyperbola 
and  let  a  circle  be  described  with  centre  P  and  radius  PQ, 
then  if  A,  B,  C  be  the  other  points  in  which  the  circle  cuts 
the  hyperbola,  the  triangle  ABC  is  equilateral.         [K.  1884, 

360.  A  circle  meets  a  given  rectangular  hyperbola  in 
A,  A',  P,  P',  prove  that  the  tangents  to  the  hyperbola  at 
P,  P'  intersect   in   a   point   lying   on   the  diameter  of  the 
hyperbola  at  right  angles  to  A  A.  [CHR.  1885. 

361.  S  is  the  focus  of  a  parabola  whose  vertex  is  A,  and 
SA  meets  the  directrix  in  X ;  8XH  is  an  angle  of  60°  and 
SH  is  perpendicular  to  SX,  shew  that  a  hyperbola  may  be 
described  with  8  and  H  as  foci  touching  the  parabola  in  a 
point  P  whose  focal  distance  is  equal  to  the  latus  rectum. 

[Qu.  1885. 

362.  Through  a  given  point  Pany  straight  line  is  drawn 
meeting  two  fixed  straight  lines  in  P'  and  Q' ;  a  point  Q  is 
taken  on  P'PQ'  so  that  QQ'  =  PP' ;  shew  that  the  locus  of  Q 
is  a  hyperbola.  [OATH.  1885. 

363.  The  tangent  and  normal  at  any  point  of  a  hyper- 
bola intersect  the  asymptotes  and  axes  respectively  in  four 
points  which  lie  on  a  circle  passing  through  the  centre  of  the 
hyperbola,  and  the  radius  of  this  circle  varies  inversely  as  the 
perpendicular  from  the  centre  upon  the  tangent. 

[Jon.  1884, 
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364.  If  the  asymptotes  of  a  hyperbola  be  inclined  to 
each  other  at  an  angle  equal  to  half  a  right  angle,  find  (and 
trace)  the   locus  of  the  orthocentre  of  the  triangle  CHK, 
where  H  and  K  are  the  points  in  which  lines  through  P 
parallel  to  one  asymptote  meet  the  other  respectively. 

[PET.  1883. 

365.  If  the  tangent  at  a  point  L  meets  an  asymptote  in 
T,  and  the  chords  joining  L  to  two  other  points  M  and  N, 
meet   the   asymptote  in  A  and  0  ;   prove  that  TA  =  A'O, 
where  A'  is  the  point  in  which  MN  meets  the  asymptote. 

[CLARE,  1884. 

366.  AJBCD  is  a  parallelogram  ;  from  any  point  E  in  BC 
a  perpendicular  EF  is  drawn  on  AD,  and  EG  is  drawn  at 
right  angles  to  AE,  the  points  F  and  G  being  on  AD,  on 
AB  a  point  K  is  taken  so  that  AK  =  FG,  prove  that  FK 
always  touches  a  fixed  hyperbola.  [TRIN.  1884. 

367.  From  any  point  P  in  a  hyperbola,  perpendiculars 
PM,  PN  are  drawn  to  the  asymptotes,  and  PN  meets  the 
curve  again  at  P',  prove  that  the  ratio  of  PM  to  P'N  is  the 
same  for  all  positions  of  P.  [PfiMB.  1884. 

368.  Parallel  tangents  are  drawn  to  a  system  of  circles 
which  pass  through  two  fixed  points ;  shew  that  the  locus  of 
the  points  of  contact  is  a  rectangular  hyperbola. 

[CHR.  1884. 

369.  The  points  A,  B,  C,  D,  lie  on  a  hyperbola,  and  the 
lines  AB,  CD  intersect   on   an   asymptote ;   find  the  other 
asymptote.  [PET.  1884. 

370.  Tangents   are   drawn   to  a  rectangular  hyperbola 
from  a  point  T  on  the  transverse  axis,  meeting  the  tangents 
at  the  vertices  in  Q  and  Q'.     Prove  that  QQ'  touches  the 
auxiliary  circle  in  a  point  R  such  that  RT  bisects  the  angle 
QTQ'.  [TRIN.  1885. 

371.  A  line  is  drawn  parallel  to  the  side  AC  of  a  triangle 
ABC  meeting,  in  P  and  Q  respectively,  AB  and  the  tangent 
at  G  to  the  circle  circumscribing  the  triangle  ABC.     Shew 
that  the  locus  of  the  intersection  of  OP,  BQ  is  a  rectangular 
hyperbola.  [JES.  1884. 
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372.  Given  an  asymptote  and  two  points  on  a  hyper- 
bola, shew  that  the  envelope  of  the  axis  is  a  parabola. 

[JES.  1884. 

373.  Chords  of  a  hyperbola  are  drawn  through  a  fixed 
point.     Shew   that   the    locus   of  their  middle  points  is  a 
hyperbola,  similar  to  the  original  hyperbola  or  to  its  con- 
jugate. [Jon.  1883. 

374.  On  a  plane  field  the  crack  of  the  rifle  and  the  thud 
of  the  ball  striking  the  target  are  heard  at  the  same  instant ; 
find  the  locus  of  the  hearer.  [Jon.  1884. 

375.  In  a  rectangular  hyperbola  if  PQ  be  a  chord  and 
CV  the  diameter  conjugate  to  PQ,  the  angle  between  PQ 
and  the  tangent  at  P  is  equal  to  the  angle  VCP. 

[SEL.  1884. 

376.  From  a  point  ./Ton  the  conjugate  hyperbola  KQPpq 
is  drawn  to  meet  the  hyperbola  in  P,  p  and  the  asymptotes 
in  Q,  q  :  shew  that  KP  .  Kp  =  2KQ  .  Kq.  [PET.  1883. 

377.  P)  Q  are  two  points  on  a  hyperbola,  through  P  is 
drawn  a  parallel  to  one  asymptote  and  through  Q  a  parallel 
to  the  other  meeting  the  former  parallel  in  T,  the  tangents 
at  P  and  Q  meet  TQ,  TP  respectively  in  p,  q;  shew  that  pq 
is  parallel  to  PQ.  [PET.  1883. 

378.  Let  8,  S'  be  the  foci  of  a  hyperbola,  X,  X'  the  points 
where  the  corresponding  directrices  meet  SS',  SY,  S'Y*  the 
perpendiculars   on  a  tangent,  then  if  XY,  X'Y  meet  the 
auxiliary  circle  again  in  y,  y  shew  that  yy  is  also  a  tangent 
to  the  hyperbola.  [PET.  1883. 

379.  If  through  each  of  the  middle  points  of  two  chords- 
of  a  rectangular  hyperbola  a  parallel  is  drawn  to  the  other, 
their  intersection,  the  centre  and  the  two  middle  points  are 
on  a  circle.  [CLARE,  1883. 

380.  If  through  two  vertices  of  a  triangle  inscribed  in  a 
hyperbola  two  lines  be  drawn  parallel  to  the  asymptotes  to 
meet  the  opposite  sides,  the  line  which  joins  the  points  of 
intersection   will   be   parallel   to   the   tangent  at  the  third 
vertex.  [CLARE,  1883. 

381.  If  QV  be  an  ordinate  to  the  diameter  PGp  of  a  rect- 
angular hyperbola,  prove  that  QV  is  the  tangent  at  Q  to  the 
circle  round  the  triangle  PQp.  [T.  H.  1883. 
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GENERAL  CONICS. 

382.  S  and  H  are  the  foci  of  a  conic  respectively  corre- 
sponding to  its  two  directrices,  which  latter  are  respectively 
intersected  by  a  tangent  to  the  conic  in  the  points  L  and  M. 
If  N  be  the  intersection  of  LS  and  MH  (produced  if  neces- 
sary), prove  that  LN  =  MN.  [I.  C.  S.  1885. 

383.  Given  the  focus  and  two  points  of  a  conic  section, 
prove  that  the  locus  of  the  foot  of  the  directrix  is  a  circle. 

[I.  C.  S.  1884. 

384.  In    a    central    conic  let  PK,  PL  be  the  tangent 
and  normal  to  the  curve  at  P,  and  let  KSL  be  drawn  parallel 
to  $'P,  where  S  and  >S'  are  the  foci.     Prove  that  KS  =  SL. 

[PET.  1887. 

385.  The  tangent  at  P  meets  the  major  axis  in  T,  per- 
pendiculars to  the  axis  from  the  feet  of  the  perpendiculars 
through  the  foci  to  the    tangent  meet  the  curve  in  Z,  L' 
respectively :  prove  that  TLL'  are  in  a  straight  line. 

[CLARE  &c.  1888. 

386.  A  straight  line  moves  so  that  the  intercept  made 
on  it  by  two  fixed  straight  lines  subtends  a  constant  angle 
at  a  fixed  point,  shew  that  it  touches  a  conic  having  this 
point  as  a  focus.  [TRIN.  1888. 

387.  If  AB  are  two  points  of  any  diameter  of  a  central 
conic  section,  and  C,  D  two  points  on  the  conjugate  diameter, 
prove  that  if  the  pole  of  AC  lies  on  ED  then  also  the  pole 
of  AD  lies  on  BC.  [LOND.  1st  B.A.,  HON.  1870. 

388.  Prove  that  if  two  triangles  are  circumscribed  about 
one  conic  they  are  inscribed  in  another. 

[LOND.  1st  B.A.,  HON.  1876. 

389.  If  any  number  of  circles  touch  a  conic  at  the  same 
point ;    prove  that  the  chords  joining  the  points  of  inter- 
section are  all  parallel.  [LoND.  2nd  B.A.  1873. 

390.  A   series   of  conies    have    a    common   focus   and 
directrix.     Any  straight  line  drawn  at  right  angles  to  the 
directrix   meets   the   conies  in  points  P,  Q,  R  ...  .      Prove 
that  the  feet  of  the  perpendiculars  drawn  from  the  common 
focus  on  the  tangents  at  P,  Q,  R  . . .  all  lie  on  a  straight  line 
passing  through  the  foot  of  the  directrix.  CJES.  &c.  1888. 
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391.  Shew  that  the  locus  of  either  extremity  of  the  major 
axis  of  an  ellipse  inscribed  in  an  isosceles  triangle  with  that 
major  axis  parallel  to  the  base,  is  a  parabola  with  its  vertex 
at  the  middle  point  of  the  perpendicular  on  the  base  from 
the  vertex  of  the  triangle.  [JES.  &c.  1888. 

392.  Two  conies  have  a  focus  and  directrix  in  common; 
and  P,  Q  are  two  points,  one  on  each  conic,  such  that  the 
angle  PSQ   is   constant  and    equal   to    a.     Prove  that  the 
tangents  at  P  and  Q  intersect  on  a  conic  with  the  same  focus 
and  directrix.  [Jon.  1887. 

393.  Prove   that,  if   the   lines  joining  to  the  foci  any 
point  P  on  a  conic  meet  the  conic  again  in  Q  and  R,  the 
line  QR  is  always    a   tangent  to   a  concentric  and  coaxial 
conic.  [JoH.  1887. 

394.  The   tangent   at   a   moveable   point  P  of  a  conic 
intersects   a   fixed   tangent  in  Q,  and  from  S  the  focus  a 
straight  line  is  drawn  perpendicular  to  SQ  and  meeting  in 
R  the  tangent  at  P ;  shew  that  the  locus  of  R  is  a  straight 
line.  [Jon.  1888. 

395.  The  tangent  at  any  point  P  of  a  conic  cuts  the 
transverse  axis  in  T  and  S  is  the  focus ;  prove  that  the  conic 
is  an  ellipse,  a  parabola,  or  a  hyperbola,  according  as  ST  is 
greater  than,  equal  to,  or  less  than  SP.  [TRIN.  1886. 

396.  C   is   the   centre   of  a  given  conic,  0  is  a  given 
point,  and  CO  meets  the  conic  in  a  point  between  C  and  0  ; 
a  straight   line    OPRQ   meets   the  conic  in  P  and  Q,  and 
the  diameter  conjugate  to  CO  in  a  point  R  between  P  and 

7?  P      7?O 

Q :  prove  that  -p^  +  -^   is  independent  of  the  direction  of 

OPRQ.  [TRIN.  1886. 

397.  A    conic  has  a  given  focus  S,  and  a  given  focal 
chord  PSQ.     If  the  normal  at  P  cuts  the  axis  in  G,  find  the 
locus  of  G.  [PEMB.  1886. 

398.  A  conic  is  described  passing  through  a  given  point 
P   and   having   at   that   point   a   fixed   tangent  PT.     The 
major  axis  is  perpendicular  to  a  fixed  line  PfTand  is  equal 
to  a  given  line.     Shew  that  the  centre  lies  on  a  hyperbola 
whose  asymptotes  are  P  U,  PT. 
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399.  If  P  be  any  point  on   a   conic,  PK  the  perpen- 
dicular on  the  directrix  and  KP  be  produced  until  PQ  is 
equal   to   the   focal   distance   of  P,  then  the  locus  of  Q  is 
another  conic.  [CATH.  1887. 

400.  Give   a   linear   plane  geometrical  construction  for 
drawing   the   common   tangents  of  two  conies  which  have 
at  least  two  real  points  of  intersection.  [Jon.  1886. 

401.  Spheres  are  drawn  passing  through  a  fixed  point 
and  touching  two  given  planes.     Prove  that  the  points  of 
contact  lie  on  two  circles,  and  that  the  locus  of  the  centre 
of  the  sphere  is  an  ellipse. 

If  the  angle  between  the  planes  is  the  angle  of  an  equi- 
lateral triangle,  prove  that  the  distance  between  the  foci 
of  the  ellipse  is  half  the  major  axis.  [Jon.  188*7. 

402.  TP,  TQ  are  two  tangents  to  a  conic,  focus  S,  cutting 
the   corresponding   directrix    in  L,  M  respectively  :    prove 
that  TS  bisects  the  angle  LSM.  [PET.  1885. 

403.  Given   one  of  the  foci  of   a  conic  inscribed  in  a 
triangle,  shew  how  to  find  the  other  focus.    Is  more  than  one 
solution  possible  ?  [PET.  1885. 

404.  Prove  that  the  locus  of  the  middle  points  of  focal 
chords  of  a  conic  section  is  a  similar  conic  section. 

[PET.  1886. 

405.  Two  similar  and  similarly  situated  conies  intersect 
in  Ay  B.      A    common  tangent  meets  them  in  P,  Q,  and 
PQ  is  produced  to  a  point  R,  so  that  QR  =  PQ.     If  RA, 
RB  meet  the  conic  through  P  in  H,  K,  and  if  HK  meet 
QP  produced  in  S,  prove  that  PS  =  PQ.  [PET.  1886. 

406.  A  conic   circumscribes   a  triangle  ABC,  and  one 
focus   lies   on   BC,  find  the  envelope  of  the  corresponding 
directrix.     If  A  be  a  right  angle  shew  that  the  envelope  is  a 
parabola  whose  focus  is  A  and  directrix  BG.         [TRIN.  1885. 

407.  Prove  that  if  A,  B  and  0  are  three  given  points, 
two  parabolas  can  be  drawn  through  A  and  B  with  C  as 
focus,   and   that   the  axes   of  these  parabolas    are  parallel 
to   the   asymptotes  of   the  hyperbola  which  can  be  drawn 
through  C  with  its  foci  at  A  and  B.  [TKIN.  1886. 
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408.  If  two  conies  have  a  common  directrix  their  four 
points  of  intersection  lie  on  a  circle.  [CAIUS,  1885. 

409.  Prove  that  the  locus  of  the  intersection  of  tangents 
to  an  ellipse  which  make  equal  angles  with  the  major  and 
minor  axes  respectively,  and  are  not  at  right  angles  is  a 
rectangular  hyperbola  whose  vertices   are   the   foci   of  the 
ellipse.  [CSR.-&C.  1885. 

410.  The  asymptote  CP  of  an  hyperbola  intersects  an 
ellipse   whose  major   and  minor   axes    are   respectively  its 
conjugate  and  transverse  axes  in  the  point  P:  shew  that 
if  CP  be  produced  to  Pf  so  that  PP'  =  CP,  and  PM,  P'QM' 
be  drawn   perpendicular   to  CA  meeting  it   in  M,  M'  re- 
spectively,   Q  being    the    intersection   of  P'QM'   and   the 
hyperbola,  QM  is  the  tangent  at  Q.  [SiD.  1861. 

411.  The  two  pairs  of  common  tangents  to  two  similar 
and  similarly  situated  ellipses  intersect  in  S,  $',  and  are  cut 
by  a  tangent  to  one  ellipse  in  VT,  VT'  and  by  a  tangent  to 
the  other  in  vt,  v't' '.      Shew  that  if  V't'  pass  through  8,  TV' 
will  also  pass  through  8.  [TRIN.  1861. 

412.  A  parabola  and  a  central  conic  intersect  in  four 
points,  A,  B,  (7,  D ;  prove  that  the  axis  of  the  parabola  is 
parallel  to  one  of  the  lines  joining  the  extremities  of  the 
diameters  of  the  conic  which  are  parallel  to  AB  and  CD. 

[Jon.  1861. 

413.  The  tangents  at  two  points  P,  Q  of  a  conic  meet 
in  0,  and  from  0  are  drawn  two  straight  lines  cutting  the 
conic  and   making  equal  angles  with  the  transverse   axis. 
If  they  meet  PQ  in  M,  N,  and  the  middle  points  of  the 
chords  be  R,  8,  shew  that  RMNS  lie  on  a  circle. 

[PET.  1882. 

414.  Two  conies  have  their  directrices  parallel,  and  the 
same  focus  8 :  if  any  straight  line  through  8  meet  the  two 
conies  in  P  and  Q,  find  the  locus  of  the  middle  point  of  PQ. 

[CHE.  1882. 

415.  A,  B,  C  are  any  three  fixed  points ;  through  A  any 
straight   line   is  -drawn   which   cuts  a   given   conic   in  the 
points  P,  Q.     Shew  that  the  locus  of  the  intersection  of 
PB  and  QC  is  a  conic.  [JES.  1886. 
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416.  0  is  a  fixed  point,  and  P  any  point  on  a  given 
straight   line.     PQ   is   taken   along   the   line   always  in   a 
constant  ratio  to  OP.     Prove  that  the  line  joining  P  to  the 
middle  point  of  OQ  always  touches  a  conic  whose  focus  is  0. 

[JES.  1886. 

417.  Prove  that  if  an  ellipse  and  a  hyperbola  are  con- 
focal  they  intersect  each  other  at  right  angles,  and  that  the 
asymptotes  of  the  hyperbola  pass  through  the  points  on  the 
auxiliary  circle  of  the  ellipse  which  correspond  to  the  points 
of  intersection.  [Jon.  1886. 

418.  A  line  AB  is  drawn  from  a  fixed  point  A  to  meet 
a  fixed  circle  in  B :  through  B  a  line  BC  is  drawn  perpen- 
dicular to  AB,  to  meet  a  concentric  circle  in  G.     Shew  that 
a  line  through  C  parallel  to  AB  touches  a  conic.    [PET.  1884. 

419.  Two  tangents  are  drawn  from  a  point  on  the  direc- 
trix  to  a  central  conic,  and  the  points  of  contact  joined. 
Shew  that  the  locus  of  the  orthocentre  of  the  triangle  thus 
formed  is  a  conic  similar  to  the  given  one.  [PET.  1884. 

420.  A  fixed  straight  line   meets  one  of  a  system  of 
confocal  conies  in  two  points.     Prove  that  the  locus  of  the 
point  where  the  normals  at  these  points  intersect  is  a  straight 
line.  [PET.  1884. 

421.  With  any  point  on  the  directrix  of  a  given  parabola 
as  focus  and  the  focus  of  the  parabola  as  the  other  focus, 
an  ellipse  or  hyperbola  is  described,  shew  that  the  tangents 
and  normals  at  its  points  of  intersection  with  the  directrix 
are  also  tangents  to  the  parabola.  [PET.  1884. 

422.  A  fixed  chord  PQ  of  a  conic  meets  any  diameter 
in  N,  and  the  ordinate  to  this  diameter  through  N  meets 
the  tangents  at  P  and  Q  in  H,  K.     Prove  that  HK  is  bi- 
sected at  N.  [CAius,  1883. 

423.  If  any  two  chords  PQ,  PQ  be  drawn  through  a 
point  P  of  a  conic  and  perpendiculars  to  the  chord  through 
Q  and  Q  meet  the  normal  at  P  in  N,  Nr  respectively,  shew 
that  PN,  PN'  are  to  one  another  as  the  squares  of  the 
diameters  of  the  conic  parallel  to  PQ,  PQ.  [PET.  1885, 


PROBLEMS.  197 

424.  If  Ay  B,  G,  D  are  four  points  on  a  conic  the  normals 
at  which  meet  in  a  point,  prove  that  the  sum  of  the  squares 
of  the  diameters  parallel  to  AB  and  CD  is  equal  to  the  sum 
of  the  squares  of  the  diameters  parallel  to  A  C  and  BD. 

[CLARE,  1885. 

425.  A  parabola  passes  through  two  fixed  points  A,  B  at 
a  distance  2a  apart,  and  has  a  straight  line  distant  c  from 
the  middle  point  of  AB  as  directrix.     Shew  that  the  locus 
of  the  focus  of  the  parabola  is  a  conic  section,  which  is  an 
ellipse  or   a   hyperbola,  according   as  c  is   greater   or   less 
than  a.  [TRIN.  1884 

426.  A  circle  is  drawn  on  a  sheet  of  paper  and  the 
paper  is  folded  so  that  one  corner  of  the  sheet  lies  on  the 
circumference   of   the   circle.      Prove   that    as    this   corner 
moves  about  on  the  circle  the  crease  on  the  paper  will  en- 
velope a  conic.  [TRIN.  1884. 

427.  A  semicircular  piece  of  paper  is  folded  over  so  that 
a  particular  point  P  on  the  bounding  diameter  lies  on  the 
circular  boundary;    prove   that    the   crease-line   touches   a 
fixed  conic.  [TRIN.  1885. 

428.  If  a  circle  and  a  conic  intersect  in  the  points  B,  C, 
D,  E  then  the  lines  bisecting  the  angles  between  BG  and 
DE,  BD  and  GE,  BE  and  CD  are  each  parallel  to  one  of  two 
given  straight  lines.  [CAius,  1885. 

429.  TP,  TPr  are  tangents  to  a  conic,  PG,  P'G'  are 
normals  at  P,  Pf :  prove  that  TP  :  TP'  ::  PG  :  P'G'.     Prove 
also  that  if  GL,  G'L'  are  drawn  perpendicular  to  PP',  then 

PL  =  P'L'.  [CHR.  1885. 

430.  Two  tangents  to  a  conic  are  drawn  from  any  point 
T  touching  the  conic  in  P  and  Q,  any  straight  line  drawn 
parallel  to  TP  meets  TQ  in  L,  PQ  in  0  and  the  conic  in  R, 
8 :  shew  that  LO2  =  LR  .  LS.  [Qu.  1885. 

431.  P,  Q  are  any  two  points  on  an  ellipse  whose  foci 
are  S,  H\  SP,  HQ  intersect  in  M,  SQ,  HP  in  N,  and  the 
bisectors  of  the  angles  QSP,  QHP  in  R     Shew  that  RP, 
RQ  are  tangents  to  the  ellipse,  and  M,  N  are  points  on  a 
confocal  hyperbola  to  which  RM,  RN  are  tangents. 

[JES.  1885. 
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432.  Given  a  line,  a  circle  with  centre  0,  and  a  point  S  : 
a  variable  point  R  on  the  line  is  joined  to  S  by  a  line  which 
meets  the  circle  in  U,  F,  and  lines  are  drawn  from  S  parallel 
to  0  U,  0  V  to  meet  RO  in  points  P  and  Q  ;  shew  that  the 
locus  of  these  points  is  a  conic  with  S  as  focus  and  the  given 
line  as  directrix. 

Deduce  from  this  mode  of  generation  that  tangents  from 
any  point  to  a  conic  subtend  equal  angles  at  a  focus. 

[Jon.  1884. 

433.  Prove  that  the  diagonals  of  a  curvilinear  quadri- 
lateral  formed   by  the  intersection  of  two  confocal  ellipses 
with  two  confocal  hyperbolas  are  equal. 

Shew   that   these  results  are  also  true  for  a  system  of 
confocal  and  coaxial  parabolas.  [Jon.  1884. 

434.  A   hyperbola   is   described   having  a  focus  of  an 
ellipse    for    focus,   and   the   tangent   at   the   corresponding 
vertex   for   directrix.     Prove   that   tangents   to   the  ellipse 
from  points  in  which  the  hyperbola  cuts  the  minor  axis  of 
the  ellipse  are  parallel  to  the  asymptotes  of  the  hyperbola. 

[Jon.  1884. 

435.  An  ellipse  and  a  hyperbola  have  the  same  foci  and 
meet   in   P.     PYZ  is   a   tangent   to  the  hyperbola  at  P; 
SY  .  HZ  the  focal  perpendiculars.     Prove  that 


where  BGB'  is  the  minor  axis  of  the  ellipse.  [PET.  1884. 

436.  An   ellipse  is  met  in  P  and  Q  by  a  rectangular 
hyperbola   having   for   asymptotes   the  axes  of  the  ellipse. 
PM,  QN  are   ordinates   drawn   to   the   axis  GA  ;   PR,  QT 
to  CB.     Prove  that 

CM  2  +  ON2  =  GA\ 

and  that  CN  :  CR  ::  CA  :  CB.  [PET.  1884. 

437.  From  a  fixed  point  0  on  the  circumference  of  a 
circle  a  chord  OA  is  drawn,  and  produced  to  B  so  that  the 
difference  of  the  squares  on  OB  and  OA  is  constant,  prove 
that  the  line  through  B  perpendicular  to  OB  will  touch  a 
conic  of  which  0  is  centre  and  the  other  extremity  of  the 
diameter  of  the  circle  through  0  is  a  focus.        [CLARE,  1884. 
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438.  Given  a  focus  S  and  two  tangents  to  a  conic,  prove 
that  the  envelope  of  the  minor  axis  is  a  parabola  of  \vhich 
the  focus  is  8.  [TuiN.  1884. 

439.  A  focal  chord  PSQ  of  a  conic  is  given  in  position 
and  the  position  of  the  axis  is  also  given.     Trace  the  conic. 

[PEMB.  1884. 

440.  Prove   by  projection  that,  if  AC  A'  be  the  major 
axis   of  an   ellipse,  and  PNP'  a  double  ordinate  bisecting 
CA'  at  N,  the  tangent  at  P  is  parallel  to  AP'. 

[PEMB.  1884. 

441.  An  ellipse  and  a  hyperbola  are  concentric  and  co- 
axial, arid  a  point  P  is  such  that  its  polars  with  respect  to 
the  two  are  at  right  angles  and  intersect  in  Q ;  prove  that 
the  locus  of  P  is  two  straight  lines  through  the  centre  C, 
and  the  locus  of  Q  is  two  other  straight  lines  through  the 
centre ;  but  that  if  the  conies  be  confocal,  (7,  Q  and  P  are  in 
one  straight  line  and  CP  .  CQ  is  constant.  [CHR.  1884. 

442.  Given  the  focus,  directrix  and  eccentricity,  give  .a 
geometrical    construction    for    the    points  .  where    a    given 
straight  line  drawn  through  the  focus  cuts  the  curve. 

[Qu.  1884. 

443.  If  a  parabola,  having  its  focus  coincident  with  one 
of  the  foci  of  an  ellipse,  touches  the  conjugate  axis  of  the 
ellipse,  a  common  tangent  to  the  ellipse  and  parabola  will 
subtend  a  right  angle  at  the  focus.  [TRIN.  1885. 

444.  AC  A'  and  BCB'  are  the  transverse  and  conjugate 
axes  of  an  ellipse,  of  which  8  and  $'  are  the  foci,  P  is  one  of 
the  points   of  intersection  of  this   ellipse   and    a   confocal 
hyperbola,  and  aCa'  is  the  transverse  axis  of  the  hyperbola. 
Prove  that 

SP  =  Aa,  S'P  =  A'a,  and  aB  =  CP.  [TRIN.  1885. 

445.  Two  fixed  points  P,  Q  are  taken  in  the  plane  of 
a  given  circle,  and  a  chord  US  of  the  circle  is  drawn  parallel 
to  PQt  prove  that  for  different  positions  of  RS  the  locus  of  the 
point  of  intersection  of  HP  and  SQ  is  a  conic.      [TRIN.  1886. 

446.  A  circle  passes  through  a  fixed  point  and  cuts 
a  given  straight  line  at  a  constant  angle.     Prove  that  the 
locus  of  the  centre  is  a  conic.  [Jss.  1884. 
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447.  A  chord  of  a  conic  subtends  a  given  angle  at  the 
focus.     Prove  that  the  tangents  at  its  extremities  will  inter- 
sect on  a  conic  having  the  same  focus  and  directrix  as  the 
original  conic.  [Jon.  1883. 

448.  An  ellipse  and   hyperbola  have  the  same   trans- 
verse axis,  and  their  eccentricities  are  the  reciprocals  of  one 
another ;  prove  that  the  tangents  to  each  through  the  focus 
of  the  other  intersect  at  right  angles  in  two  points  and  also 
meet  the  conjugate  axes  on  the  auxiliary  circle.    [JoH.  1884. 

449.  From  any  point  Q  on  a  central  conic,  QS,  QH  are 
drawn  to  the  foci  S,  H,  meeting  the  conic  again  in  P,  P' ; 
shew  that  if  the  tangents  at  P,  P'  meet  in  T,  QT  is  bisected 
by  the  minor  axis  and  the  locus  of  T  is  a  conic.     [PET.  1883. 

450.  Through  two  points  on  a  central  conic  shew  that 
two  circles  can  be  described  to  touch  the  conic ;  and  that 
the  points  of  contact  are  at  the  extremities  of  a  diameter. 

[CAius,  1883. 


CONE. 


451.  If  S  be  a  point  within  the  cone  ;  A  its  vertex,  AB 
its  axis ;  shew  that  the  difference  of  the  acute  angles  made 
with  AB  by  the  planes  of  the  sections  having  8  for  a  focus 
is  twice  the  angle  SAB.  [I.  C.  S.  1887. 

452.  Shew  how  to  obtain  from  a  given  cone  a  section 
which  shall  have  the  greatest  possible  eccentricity. 

[I.  C.  S.  1886. 

453.  Under  what  circumstances  may  the  section  of  a 
cone  by  a  plane  be  a  rectangular  hyperbola  ?     In  such  a  case 
shew   how   to   determine   the   necessary  inclination  of  the 
cutting  plane.  [I.  C.  S.  1885. 

454.  Shew  how  to  find  the  centre  and  the  asymptotes  of 
a  hyperbolic  section  of  a  cone.     Also  shew  how  to  cut  from 
a  given  cone  a  hyperbola,  whose  asymptotes  shall  contain 
the  greatest  possible  angle.  [I.  C.  S.  1884. 
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455.  Prove  that  the  minor  axis  of  an  elliptic  section  of 
a  right  cone  is  a  mean  proportional  between  the  diameters 
of  the  circular  sections  of  the  cone,  made  by  planes  drawn 
through  the  extremities  of  the  major  axis  of  the  ellipse. 

If  the  ellipse  be  projected  upon  a  plane  perpendicular 
to  the  axis  of  the  cone,  shew  that  the  distance  between  the 
foci  of  the  curve  of  projection  is  equal  to  the  difference 
between  the  radii  of  the  same  two  circular  sections. 

456.  From  a  given  right  circular  cone  is  cut  a  series  of 
parabolas  the  axes  of  which  intersect  a  given  straight  line 
OM  which  passes  through  the  vertex  0.      If  any  section 
intersect  OM  at  N,  shew  that  the  ratio  ON2  :  AN.CL  is 
constant  for  all  the  parabolas,  where  A  is  the  vertex  of  the 
section  and  C  the  centre  of  its  focal  sphere,  and  L  is  the 
point  where  the  section  cuts  the  axis  OL  of  the  cone. 

[PEMB.  1887. 

457.  If  two  sections  of  a  cone  have  a  common  directrix, 
the  latera  recta  of  the   sections  are   in  the   ratio  of  their 
eccentricities.  [JES.  &c.  1888. 

458.  Prove  that  the  locus  of  the  centres  of  all  plane 
sections,  for  which  the  distance  between  the  foci  is  the  same, 
is  a  right  circular  cylinder.  [Jon.  1888. 

459.  Prove  that  the  centres  of  all  sections  having  their 
minor  axis  of  the  same  length  lie  on  the  surface  formed  by 
a  hyperbola  revolving  about  its  transverse  axis.      [PET.  1887. 

460.  What  conditions  are  necessary  in  order  that  it  may 
be  possible  to  construct  an  elliptical  cone  passing  through 
two  given  circles  in  different  planes  ?  [TniN.  1887., 

461.  Shew  that  the  locus  of  the  vertices  of  all  right 
cones  out  of  which  an  ellipse  given  both  in  magnitude  and 
position  can  be  cut,  is  a  hyperbola  passing  through  the  foci 
of  the  ellipse.  [JES.  1887. 

462.  Shew  how  to  draw  a  plane  cutting  a  given  right 
cone  in  an  ellipse  of  given  eccentricity  and  having  a  major 
axis  of  given  length.  [OATH.  1887. 

463.  If  the  vertical  angle  of  a  cone  be  a  right  angle, 
shew  that  the  square  of  the  sum  of  the  radii  of  the  two 
contact  spheres  of  a  section  by  a  plane  is  equal  to  the  sum 
of  the  squares  of  the  axes  of  the  section.  [PET.  1886. 
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464.  Two  right  circular  cones  whose  vertical  angles  are 
right  angles,  have  their  vertices  and  one  generating  line  co- 
incident, prove  that  when  a  section  of  each  is  made  by  the 
same  plane,  the  minor  axis  of  the  one  section  is  equal  to 
the  conjugate  axis  of  the  other.  [CLARE,  1886. 

465.  Prove  that  the  latera  recta  of  parabolic  sections  of 
a  right  circular  cone  are  proportional  to  the  distances  of 
their  vertices  from  the  vertex  of  the  cone.  [TRIN.  1886. 

466.  Through  a  fixed  rectangular  hyperbola  a  series  of 
right  circular  cones  is  described.      Prove  that  the  locus  of 

their  vertices  is  an  ellipse  with  eccentricity  ---  . 

[PEMB.  1885. 

467.  If  P  be  a  common  point  of  two  intersecting  spheres 
which  are  inscribed  in  a  right  cone,  shew  that  the  tangent 
planes  at  P  will  make  equal  angles  with  the  straight  line 
drawn  from  P  to  the  vertex  of  the  cone.  [T.  H.  1886. 

468.  Any  section  of  a  right  circular  cylinder  by  a  plane 
not  parallel  or  perpendicular  to  its  axis  is  an  ellipse. 

[Qu.  1886. 

469.  Different  elliptic  sections  of  a  right  cone  are  taken 
such  that  their  axes  are  equal  (the  major  axes  all  being 
in  one  plane).      Shew  that  the  locus  of  their  centres  is  a 
hyperbola.  [OATH.  1886. 

470.  Determine  the  parabolic  section  of  a  given  cone, 
which  shall  have  its  latus-rectum  of  a  given  magnitude. 

[T.  H.  1881. 

471.  Prove   that   the    semi-minor   axis   of    an    elliptic 
section  of  a  right  cone  is  a  mean  proportional  between  the 
perpendiculars  drawn  from  the  vertices  of  the  ellipse  upon 
the  axis  of  the  cone.     If  V  be  the  vertex  of  the  cone,  R  the 
point  where  the  axis  of  the  cone  cuts  A  A',  the  major  axis  of 
the  section,  prove  that 

GR  :  CA  ::  CS  :  AV+CS.       [Turn.  1861. 

472.  A  series  of  elliptic  sections  of  a  right  circular  cone 
are  made  by  parallel  planes ;  shew  that  the  auxiliary  circles 
lie  on  a  right  cone  having  for  its  base  an  ellipse  similar  to 
the  given  ellipses.  [T.  H.  1882. 
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473.  Two  cones  have  their  vertical  angles  supplement- 
ary ;  prove  that  the  sum  of  the  squares  of  the  reciprocals  of 
the  greatest  eccentricities  of  conies,  obtained  from  them  by 
plane  sections,  is  unity.  [TRIN.  1885. 

474.  Shew  how  to  draw  a  section  which  shall  have  a 
given  straight  line  for  directrix,  the  given  straight  line  being 
perpendicular  to  the  axis  of  the  cone.  [Qu.  1885. 

475.  Given  an  ellipse  and  a  right  circular  cone,  place  the 
ellipse  so  as  to  be  a  plane  section  of  the  cone.      [TRIN.  1884. 

476.  Prove  that  the  latus-rectum  of  a  plane  section  of 
a  cone  varies  as  the  perpendicular  from  the  vertex  of  the 
cone  upon  the  plane  of  section.  [THIN.  1884. 

477.  If  two  different  plane  sections  of  a  cone  have  a 
common  directrix  the  line  joining  their  foci  goes  through 
the  vertex  of  the  cone.  [Qu.  1884. 

478.  If  the  angle  of  a  cone  be  a  right  angle,  prove  that 
the  semi-latus-rectum  of  a  section  is  a  mean  proportional 
between  the  segments  of  the  major  axis  made  by  a  perpen- 
dicular on  it  from  the  vertex  of  the  cone.  [CATH.  1884. 

479.  Two  cones  which  have  a  common  vertex,  their  axes 
at  right  angles,  and  their  vertical  angles  supplementary  are 
intersected  by  a  plane  at  right  angles  to  the  plane  of  their 
axes.     Prove  that  the  distances  of  either  focus  of  the  elliptic 
section  from  the  foci  of  the  hyperbolic  section  are  equal  re- 
spectively to  the  distance  from  the  vertex  of  the  ends  of  the 
transverse  axis  of  each,  and  thac  the  sum  of  the  squares  on 
the  semi-conjugate  axes  is  equal  to  the  rectangle  contained 
by  these  distances.  [TRIN.  1885. 

480.  If  the  minor  axis  of  the  section  of  a  cone  be  con- 
stant, prove  that  the  centre  of  it  lies  on  a  hyperboloid  of 
revolution.  [JES.  1884. 


APPENDIX. 

ELLIPSE. 

PROPOSITION  I.  (continued). 

To  prove  that  the  curve  lies  beticeen  lines  drawn  through  A  and  A'  at  right 
angles  to  the  axis. 

On  SN  or  SN  produced  mark  off  SK—e  .  XN. 

We  must  consider  in  what  positions  of  N,  NP  meets  the  circle  whose 
centre  is  S  and  radius  e  .  XN;  i.e.  whether  SK  is  greater  or  less  than  SN. 

Case  1.    If  N  is  between  S  and  A. 

K  N  T ___ 

X  A  S  A' 

SK=  e.NX>e. XA  or  SA  ; 

/.  SK>SN. 

Case  2.     If  N  is  between  S  and  A'. 

j        g  jy        g ^ 

X  J  5  A' 

SK=e.XN, 
and  S4'=6..X4'; 

/.  by  subtraction  KA'  =  e .  NA'  <  NA' ; 
.-.  SK>SN. 

Case  3.    If  N  is  in  SA'  produced. 

KN 

m  • • • • •     a 

X  A  S  A' 

SK=e.XN, 
and  8A'-e.XA'\ 

.:  by  subtraction  A'K=e .  A'N<A'N ; 
•.  SK<SN. 

Case  4.     If  N  is  between  A  and  X. 

N          K 

•  • • — » • • 

X  A  S  A' 

SK=  e .  NX<  e .  AX  or  SA  ; 
/.  SK<SN. 

Case  5.    If  N  is  in  SX  produced. 

N          K       ^___ 

X  A  S  A' 

SK=e.XN<XN<SN. 

We  have  now  proved  that  the  circle  intersects  the  perpendicular  NP, 
when  N  is  in  any  part  of  the  axis  A  A'  between  A  and  A',  but  not  when  N 
lies  outside  the  part  AA't  hence  the  ellipse  lies  entirely  between  lines  drawn 
through  A  and  A'  at  right  angles  to  the  axis. 


HYPERBOLA. 
PROPOSITION  I.  (continued). 

To  prove  that  the  curve  lies  outside  lines  drawn  through  A  and  A'  at  right 
angles  to  the  axis. 

On  SN  or  SN  produced  mark  off  SK=e  .  XN. 

We  must  consider  in  what  positions  of  N,  NP  meets  the  circle  whose 
centre  is  S  and  radius  e  .  NX]  i.e.  whether  SK  is  greater  or  less  than  SN. 

Case  1.     If  N  is  between  A  and  X. 

N  K 

_  -  »  -  .  -  «.  —  •  -  -•  -  .  - 

A'  X  A  S 

SK=  e.NX<e.  AX  or  SA  ; 
.-.  SK<SN. 

Case  2.     If  N  is  between  X  and  A'. 

N        K  _  _  _  ^ 

7     "      *  I         3  s 

SK=e.XN, 
and  &!'=<?.  A^'; 

.-.  by  subtraction  KA'  =  e.NA'>NA', 
.-.  SK<SN. 

Case  3.     If  .N"  is  in  SA'  produced. 

K   N  _ 

„  —  „    »  -  •  -  »  -  —  —  —  —  —  —  —  -  —  -•  -- 

A'  X  A  S 

SK=e.XN, 
and  SA'=e.XA'; 

.:  by  subtraction  A'K=e.  A'N>A'N, 
:.  SK>SN. 

Case  4.    If  N  is  between  A  and  S. 

A'  N 

m  -  m  --    ••  -  *  -  •  •  •  - 

A'  X  A  S 

SK=e  .  NX>e  .  AX  or  SA  ; 
.*.  SK>SN. 

Case  5.    If  N  is  in  AS  produced. 

Ar 

-  *  -  u,  »     -  -  ^  -  ^~ 

4'  A'  4  S 


We  have  now  proved  the  circle  does  not  intersect  the  perpendicular  NP, 
when  N  is  in  any  part  of  the  axis  AA'  between  A  and  A',  but  they  do  intersect 
when  N  lies  outside  the  part  A  A',  hence  the  hyperbola  lies  entirely  outside 
the  lines  drawn  through  A  and  A'  at  right  angles  to  the  axis. 
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SPHERICAL  HARMONICS  AND  SUBJECTS  CONNECTED   WITH  THEM.     By 
the  Rev.  N.  M.  FERRERS,  M.A.     Crown  8vo.     7^.  6d. 
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CLASSICS. 

Elementary  Classics ;  Classical  Series ;  Classical  Library,  (1)  Texts,  (2)  Trans- 
lations; Grammar,  Composition,  and  Philology;  Antiquities,  Ancient 
History,  and  Philosophy. 

^-ELEMENTARY   CLASSICS. 

18mo,  Eighteenpence  each. 

The  following  contain  Introductions,  Notes,  and  Vocabularies,  and 
in  some  cases  Exercises. 

ACCIDENCE,  LATIN,  AND  EXERCISES  ARRANGED  FOR  BEGINNERS.— By 

W.  WELCH,  M.A.,  and  C.  G.  DUFFIELD,  M.A. 

AESCHYLUS.— PROMETHEUS  VINCTUS.    By  Rev.  H.  M.  STEPHENSON,  M.A. 
ARRIAN.— SELECTIONS.    With   Exercises.    By  Rev.  JOHN  BOND,  M.A.,  and 

Rev.  A.  S.  WALPOLE,  M.A. 
AULUS  GELLIUS,  STORIES  FROM.— Adapted  for  Beginners.     With  Exercises. 

By  Rev.  G.  H.  NALL,  M.A.,  Assistant  Master  at  Westminster. 
CJESAR.— THE   HELVETIAN  WAR.    Being  Selections  from  Book  I.  of  The 
Gallic  War.    Adapted  for  Beginners.    With  Exercises.     By  W.  WELCH,  M.A., 
and  C.  G.  DUFFIELD,  M.A. 

THE  INVASION  OF  BRITAIN.  Being  Selections  from  Books  IV.  and  V.  of  The 
Gallic  War.  Adapted  for  Beginners.  With  Exercises.  By  W.  WELCH,  M.A., 
and  C.  G.  DUFFIELD,  M.A. 

SCENES  FROM  BOOKS  V.  AND  VI.     By  C.  COLBECK,  M.A. 
THE  GALLIC  WAR.     BOOK  I.     By  Rev.  A.  S.  WALPOLE,  M.A. 
BOOKS  II.  AND  III.     By  the  Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D. 
BOOK  IV.    By  CLEMENT  BRYANS,  M.A.,  Assistant  Master  at  Dulwich  College. 
BOOK  V.     By  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow. 
BOOK  VI.    By  the  same  Editor. 

BOOK  VII.     By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
THE  CIVIL  WAR.     BOOK  I.     By  M.  MONTGOMERY,  M.A.  [In  the  Press. 

CICERO.— DE  SENECTUTE.     By  E.  S.  SHUCKBURGH,  M.A. 
DE  AMICITIA.     By  the  same  Editor. 
STORIES  OF  ROMAN  HISTORY.    Adapted  for  Beginners.     With  Exercises. 

By  Rev.  G.  E.  JEANS,  M.A.,  and  A.  V.  JONES,  M.A. 
EURIPIDES.— ALCESTIS.     By  Rev.  M.  A.  BAYFIELD,  M.A. 
MEDEA.    By  A.  W.  VERRALL,  Litt.D.,  and  Rev.  M.  A.  BAYFIELD,  M.A. 

[In  the  Press. 

HECUBA.     By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
EUTROPIUS.— Adapted  for  Beginners.     With  Exercises.    By  W.  WELCH,  M.A., 

and  C.  G.  DUFFIELD,  M.A. 

HERODOTUS.     TALES  FROM  HERODOTUS.     Atticised  by  G.  S.  FARNELL, 

M.A.  [In  the  Press. 

HOMER.— ILIAD.   BOOK  I.   By  Rev.  J.  BOND,  M.  A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 

BOOK  XVIII.    By  S.  R.  JAMES,  M.A.,  Assistant  Master  at  Eton. 

ODYSSEY.    BOOK  I.     By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
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HORACE.— ODES.     BOOKS  I. -IV.     By  T.  B.  PAGE,  M.A.,  Assistant  Master 

at  the  Charterhouse.     Each  Is.  6d. 
LIVY.— BOOK  I.    By  H.  M.  STEPHENSON,  M.A. 

BOOK  XXI.    Adapted  from  Mr.  Capes's  Edition.     By  J.  E.  MELHUISH,  M.A. 
BOOK  XXII.     By  the  same. 
THE  HANNIBALIAN  WAR.    Being  part  of  the  XXI.  and  XXII.  BOOKS  OF 

LIVY  adapted  for  Beginners.     By  G.  C.  MACAULAY,  M.A. 

THE  SIEGE  OF  SYRACUSE.     Being  part  of  the  XXIV.  and  XXV.  BOOKS  OF 
LIVY,  adapted  for  Beginners.    With  Exercises.     By  G.  RICHARDS,  M.A.,  and 
Rev.  A.  S.  WALPOLE,  M.A. 
LEGENDS  OF  ANCIENT  ROME.    Adapted  for  Beginners.    With  Exercises. 

By  H.  WILKINSON,  M.A. 
LUCIAN.— EXTRACTS  FROM  LUCIAN.  With  Exercises.  By  Rev.  J.  BOND,  M.A., 

and  Rev.  A.  8.  WALPOLE,  M.A. 
NEPOS.— SELECTIONS  ILLUSTRATIVE  OF  GREEK  AND  ROMAN  HISTORY. 

With  Exercises.     By  G.  S.  FARNELL,  M.A. 
OVID.— SELECTIONS.     By  E.  S.  SHUCKBURGH,  M.A. 
EASY  SELECTIONS  FROM  OVID  IN  ELEGIAC  VERSE.    With  Exercises.   By 

H.  WILKINSON,  M.A. 
STORIES  FROM  THE  METAMORPHOSES.   With  Exercises.   By  Rev.  J.  BOND, 

M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
PH.SJDRUS.  —  SELECT  FABLES.     Adapted   for    Beginners.     With    Exercises. 

By  Rev.  A.  S.  WALPOLE,  M.A. 
THUCYDLDES.-THE  RISE  OF  THE  ATHENIAN  EMPIRE.    BOOK  I.     Cna 

89-117  and  228-238.     With  Exercises.     By  F.  H.  COLSON,  M.A. 
VIRGIL.— SELECTIONS.     By  E.  S.  SHUCKBURGH,  M.A. 
BUCOLICS.     By  T.  E.  PAGE,  M.A. 
GEORGICS.     BOOK  I.     By  the  same  Editor. 
BOOK  II.    By  Rev.  J.  H.  SKRINE,  M.A. 
^INEID.     BOOK  I.     By  Rev.  A.  S.  WALPOLE,  M.A. 
BOOK  II.     By  T.  E.  PAGE,  M.A. 
BOOK  III.     By  the  same  Editor. 
BOOK  IV.     By  Rev.  H.  M.  STEPHENSON,  M.A. 
BOOK  V.     By  Rev.  A.  CALVERT,  M.A. 
BOOK  VI.     By  T.  E.  PAGE,  M.A. 
BOOK  VII.     By  Rev.  A.  CALVERT,  M.A. 
BOOK  VIII.     By  the  same  Editor. 
BOOK  IX.    By  Rev.  H.  M.  STEPHENSON,  M.A. 
BOOK  X.     By  S.  G.  OWEN,  M.A. 
XENOPHON.— ANABASIS.    Selections,  adapted  for  Beginners.    With  Exercises. 

By  W.  WELCH,  M.A.,  and  C.  G.  DUFFIELD,  M.A. 
BOOK  I.    With  Exercises.     By  E.  A.  WELLS,  M.A. 
BOOK  I.     By  Rev.  A.  S.  WALPOLE,  M.A. 
BOOK  II.     By  the  same  Editor. 
BOOK  III.     By  Rev.  G.  H.  NALL,  M.A. 
BOOK  IV.    By  Rev.  E.  D.  STONE,  M.A. 

SELECTIONS  FROM  BOOK  IV.     With  Exercises.     By  the  same  Editor. 
SELECTIONS  FROM  THE  CYROP^DIA.    With  Exercises.     By  A.  H.  COOKE, 
M.A.,  Fellow  and  Lecturer  of  King's  College,  Cambridge. 

The  following  contain  Introductions  and  Notes,  but  no  Vocabu- 
lary :— 

CICERO.— SELECT  LETTERS.     By  Rev.  G.  E.  JEANS,  M.A. 
HERODOTUS.— SELECTIONS  FROM  BOOKS  VII.  AND  VIII.    THE  EXPEDI- 
TION OF  XERXES.     By  A.  H.  COOKE,  M.A. 
HORACE.— SELECTIONS  FROM  THE  SATIRES  AND  EPISTLES.     By  Rav.  W. 

J.  V.  BAKER,  M.A. 

SELECT  EPODES  AND  ARS  POETICA.     By  H.  A.  DALTON,  M.A.,  Assistant 
Master  at  Winchester. 
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PLATO.— BUTHYPHRO  AND  MENEXENUS.     By  0.  E.  GRAVES,  M.  A. 
TERENCE.— SCENES  FROM  THE  ANDRIA.     By  F.  W.  CORNISH,  M.A.,  Assistant 

Master  at  Eton. 
THE    GREEK    ELEGIAC    POETS.— FROM  CALLINUS    TO    CALLIMACHUS. 

Selected  by  Rev.  HERBERT  KYN ASTON,  D.D. 
THUCYDIDES.-BOOK  IV.  CHS.  1-41.    THE  CAPTURE  OF  SPHACTERIA.    By 

C.  E.  GRAVES,  M.A. 

CLASSICAL  SERIES 
FOB  COLLEGES  AND  SCHOOLS. 

Fcap.  8vo. 

.ffiSCHINES.— IN    CTESIPHONTA.      By  Rev.  T.   GWATKIN,  M.A.,  and   E.   S. 

SHUCKBURGH,  M.A.    5s. 
.ffiSCHYLUS.— PERSJB.     By  A.  O.  PRICKARD,  M.A.,  Fellow  and  Tutor  of  New 

College,  Oxford.    With  Map.     2s.  6d. 

SEVEN  AGAINST  THEBES.  SCHOpL  EDITION.  By  A.  W.  VERRALL,  Litt.D., 
Fellow  of  Trinity  College,  Cambridge,  and  M.  A.  BAYFIELD,  M.A.,  Head- 
master of  Christ's  College,  Brecon.  2s.  6d. 

ANDOOIDES.—  DE  MYSTERIIS.    By  W.  J.  HICKIE,  M.A.     2s.  6d. 
ATTIC  ORATORS.— Selections  from  ANTIPHON,  ANDOCIDES,  LYSIAS,  ISO- 
CRATES,  and  ISAEUS.     By  R.  C.  JEBB,  Litt.D.,  Regius  Professor  of  Greek 
in  the  University  of  Cambridge.     5s. 
*C.a:SAR.— THE  GALLIC  WAR.     By  Rev.  JOHN  BOND,  M.A.,  and  Rev.  A.  S. 

WALPOLE,  M.A.     With  Maps.    4s.  6d. 
CATULLUS.— SELECT  POEMS.    Edited  by  F.  P.  SIMPSON,  B.A.    3s.  6d.    The  Text 

of  this  Edition  is  carefully  expurgated  for  School  use. 
*CICERO.— THE  CATILINE  ORATIONS.    By  A.  S.  WILKINS,  Litt.D.,  Professor  of 

Latin  in  the  Owens  College,  Victoria  University,  Manchester.     2s.  6d. 
PRO  LEGE  MANILIA.     By  Prof.  A.  S.  WILKINS,  Litt.D.    2s.  6d. 
THE  SECOND  PHILIPPIC  ORATION.    By  JOHN  E.  B.  MAYOR,  M.A. ,  Professor 

of  Latin  in  the  University  of  Cambridge.    3s.  6d. 
PRO  ROSCIO  AMERINO.    ByE.  H.  DONKIN,  M.A.    2s.  6d. 
PRO  P.  SESTIO.     By  Rev.  H.  A.  HOLDEN,  Litt.D.    3s.  6d. 
SELECT  LETTERS.    Edited  by  R.  Y.  TYRRELL,  M.A.  [In  the  Press. 

DEMOSTHENES.— DE  CORONA.    By  B.  DRAKE,  M.A.     7th  Edition,  revised  by 

E.  S.  SHUCKBURGH,  M.A.    3s.  6d. 
AD  VERSUS  LEPTINEM.    By  Rev.  J.  R.  KING,  M.  A.,  Fellow  and  Tutor  of  Oriel 

College,  Oxford.    2s.  6d. 

THE  FIRST  PHILIPPIC.     By  Rev.  T.  GWATKIN,  M.A.     2s.  6d. 
IN  MIDI  AM.    By  Prof.  A.  S.  WILKINS,  Litt.D.,  and  HERMAN  HAGER,  Ph.D.,  of 
the  Owens  College,  Victoria  University,  Manchester.  [In  preparation. 

EURIPIDES.— HIPPOLYTUS.     By  Rev.  J.  P.  MAHAFFY,  D.D.,  Fellow  of  Trinity 
College,  and  Professor  of  Ancient  History  in  the  University  of  Dublin,  and  J. 
B.  BURY,  M.A.,  Fellow  of  Trinity  College,  Dublin.    2s.  6d. 
MEDEA.     By  A.  W.  VERRALL,  Litt.D.,  Fellow  of  Trinity  College,  Cambridge. 

2s.  6d. 

IPHIGENIA  IN  TAURIS.    By  E.  B.  ENGLAND,  M.A.    3s. 
ION.    By  M.  A.  BAYFIELD,  M.  A.,  Headmaster  of  Christ's  College,  Brecon.    2s.  6d. 
BACCHAE.  By  R.  Y.  TYRRELL,  M.  A.,  Regius  Professor  of  Greek  in  the  University 
of  Dublin.  [In  preparation. 

HERODOTUS.— BOOK  III.     By  G.  C.  MACAULAY,  M.A.    2s.  6d. 
BOOK  V.    By  J.  STRACHAN,  M.A.,  Professor  of  Greek  in  the  Owens  College, 
Victoria  University,  Manchester.  [In  preparation. 

BOOK  VI.    By  the  same.     3s.  6d. 
BOOK  VII.    By  Mrs.  A.  F.  BUTLER.     3s.  6d. 

HESIOD.— THE  WORKS  AND  DAYS.    By  W.  T.  LENDRUM,  M.A.,   Assistant 
Master  at  Dulwich  College.  [In  preparation. 
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HOMER.— ILIAD.      BOOKS    I.,    IX.,    XI.,    XVI.-XXIV.      THE    STORY    OF 
ACHILLES.     By  the  late  J.  H.   PRATT,  M.A.,  and  WALTER  LEAF,  Litt.D., 
Fellows  of  Trinity  College,  Cambridge.     5s. 
ODYSSEY.    BOOK  IX.     By  Prof.  JOHN  E.  B.  MAYOR.    2s.  6d. 
ODYSSEY.    BOOKS  XXI.-XXIV.     THE  TRIUMPH  OF  ODYSSEUS.     By  S. 

G.  HAMILTON,  B.A.,  Fellow  of  Hertford  College,  Oxford.     2s.  6d. 
HORACE.—  *THE  ODES.     By  T.  E.  PAGE,  M.A.,  Assistant  Master  at  the  Charter- 
house.    5s.    (BOOKS  L,  II.,  III.,  and  IV.  separately,  2s.  each.) 
THE  SATIRES.     By  ARTHUR  PALMER,  M.  A. ,  Professor  of  Latin  in  the  University 

of  Dublin.     5s. 
THE  EPISTLES  AND  ARS  POETICA.     By  A.  S.  WILKINS,  Litt.D.,  Professor 

of  Latin  in  the  Owens  College,  Victoria  University,  Manchester.    5s. 
ISAEOS.— THE  ORATIONS.    By  WILLIAM  RIDQEWAY,  M.A.,  Professor  of  Greek 
in  Queen's  College,  Cork.  [In  preparation. 

JUVENAL.— "THIRTEEN  SATIRES.     By  E.  G.  HARDY,  M.A.     5s.    The  Text  is 

carefully  expurgated  for  School  use. 
SELECT  SATIRES.      By  Prof.   JOHN  E.  B.   MAYOR.      X.    and   XI.      3s.  6d. 

XII.-XVI.    4s.  6d. 

LIVY.— *BOOKS  II.  and  III.    By  Rev.  H.  M.  STEPHENSON,  M.A.    3s.  6d. 
*BOOKS  XXI.  and  XXII.     By  Rev.  W.  W.  CAPES,  M.A.     With  Maps.     4s.  6d. 
*BOOKS  XXIII.  and  XXIV.     By  G.  C.  MACAULAY,  M.A.     With  Maps.    3s.  6d. 
*THE  LAST  TWO  KINGS  OF  MACEDON.    EXTRACTS  FROM  THE  FOURTH 
AND  FIFTH  DECADES  OF  LIVY.      By  F.  H.  RAWLINS,  M.A.,  Assistant 
Master  at  Eton.    With  Maps.    2s.  6d. 

THE  SUBJUGATION  OF  ITALY.    SELECTIONS  FROM  THE  FIRST  DECADE. 

By  G.  E.  MARINDIN,  M.A.  [In  preparation. 

LUCRETIUS.— BOOKS  I.-III.       By  J.  H.   WARBURTON  LEE,  M.A.,  Assistant 

Master  at  Rossall.    3s.  6d. 

LYSIAS.— SELECT  ORATIONS.     By  E.  S.  SHUCKBURGH,  M.A.    5s. 
MARTIAL.— SELECT  EPIGRAMS.     By  Rev.  H.  M.  STEPHENSON,  M.A.    5s. 
*OVID.— FASTI.    By  G.  H.  HALLAM,  M.A.,  Assistant  Master  at  Harrow.    With 

Maps.     3s.  6d. 

*HEROIDUM  EPISTUL^J  XIII.    By  E.  S.  SHUCKBURGH,  M.A.    3s.  6d. 
METAMORPHOSES.    BOOKS  I.-III.    By  C.  SIMMONS,  M.A.    [In  preparation. 
BOOKS  XIII.  and  XIV.     By  the  same  Editor.    3s.  6d. 
PLATO.— LACHES.     By  M.  T.  TATHAM,  M.A,    2s.  6d. 
THE  REPUBLIC.     BOOKS  I.-V.     By  T.  H.   WARREN,   M.A.,  President  of 

Magdalen  College,  Oxford.     5s. 
PLAUTUS.— MILES  GL9RIOSUS.    By  R.  Y.  TYRRELL,  M.A.,  Regius  Professor  of 

Greek  in  the  University  of  Dublin.    2d  Ed.,  revised.    3s.  6d. 
AMPHITRUO.    By  ARTHUR  PALMER,  M.  A.,  Professor  of  Latin  in  the  University 

of  Dublin.    3s.  6d. 

CAPTIVI.    By  A.  RHYS-SMITH,  M.A.  [In  the  Press. 

PLINY.— LETTERS.    BOOKS  I.  and  II.    By  J.  COWAN,  M.A.,  Assistant  Master 

at  the  Manchester  Grammar  School.    3s. 
LETTERS.    BOOK  III.    By  Prof.  JOHN  E.  B.  MAYOR.    With  Life  of  Pliny  by 

G.  H.  RENDALL,  M.A.    3s.  6d. 

PLUTARCH.— LIFE  OF  THEMISTOKLES.  By  Rev.  H.  A.  HOLDEN,  Litt.D.  3s. 6d. 
LIVES  OF  GALBA  AND  OTHO.     By  E.  G.  HARDY,  M.A.     5s. 

POLYBIUS.— THE  HISTORY  OF  THE  ACHAEAN  LEAGUE  AS  CONTAINED  IN 

THE  REMAINS  OF  POLYBIUS.     By  W.  W.  CAPES,  M.A.    5s. 
PEOPERTIUS.— SELECT  POEMS.    By  Prof.  J.  P.  POSTDATE,  LittD.,  Fellow  of 

Trinity  College,  Cambridge.    2d  Ed.,  revised.    5s. 
SALLUST.— *CATILINA  and  JUGURTHA.    By  C.  MERIVALE,  D.D.,  Dean  of  Ely. 

3s.  6d.     Or  separately,  2s.  each. 
*BELLUM  CATULIN^E.    By  A.  M.  COOK,  M.A.,  Assistant  Master  at  St.  Paul's 

School.     2s.  6d. 
JUGURTHA.    By  the  same  Editor.  [In  preparation. 
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TACITUS.— THE  ANNALS.     BOOKS  I.  and  II.    By  J.  S.  REID,  Litt.D.   [In  prep. 
THE  ANNALS.      BOOK  VI.     By  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRJBB, 

M.A.     2s. 
THE  HISTORIES.    BOOKS  I.  and  II.     By  A.  D.  GODLEY,  M.A.,  Fellow  of 

Magdalen  College,  Oxford.     3s.  6d.     BOOKS  III.-V.    By  the  same.    3s.  6d. 
AGRICOLA  and  GERMANIA.    By  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB, 

M.A.    3s.  6d.     Or  separately,  2s.  each. 

TERENCE.— HAUTON  TIMOR UMENOS.     By  E.  S.  SHUCKBURGH.  M.A.     2s.  6d. 

With  Translation.     3s.  6d. 

PHORMIO.    By  Rev.  JOHN  BOND,  M. A.,  and  Rev.  A.  S.  WALPOLE,  M.A.    2s.  6d. 
THUCYDIDES.— BOOK  I.     By  C.  BRYANS,  M.A.  [In preparation. 

BOOK  II.   By  E.  C.  MARCHANT,  M.A.,  Assistant  Master  at  St.  Paul's.  [In  the  Press. 
BOOK  III.     By  C.  BRYANS,  M.A.  [In  preparation. 

BOOK  IV.     By  C.  E.  GRAVES,  M.A.,  Classical  Lecturer  at  St.  John's  College, 

Cambridge.     3s.  6d. 

BOOK  V.     By  the  same  Editor.  [In  the  Press. 

BOOKS  VI.  AND  VII.      THE  SICILIAN  EXPEDITION.     By  Rev.  PERCIVAL 

FROST,  M.A.     With  Map.     3s.  6d. 

BOOK  VIII.     By  Prof.  T.  G.  TUCKER,  Litt.D.  [In  the  Press. 

TD3ULLTJS.— SELECT  POEMS.    By  Prof.  J.  P.  POSTGATE,  Litt.D.  [In preparation. 
VIRGIL.— ^NEID.     BOOKS  II.  AND  III.      THE  NARRATIVE  OF  AENEAS. 

By  E.  W.  HOWSON,  M.A.,  Assistant  Master  at  Harrow.     2s. 

XENOPHON.— *THE  ANABASIS.     BOOKS  I.-IV.     By  Profs.  W.  W.  GOODWIN 

and  J.  W.  WHITE.    Adapted  to  Goodwin's  Greek  Grammar.    With  Map.    3s.  6d. 

HELLENICA.    BOOKS  I.  AND  II.    ByH.  HAILSTONE,  B.A.   With  Map.   2s.  6d. 

CYROP^EDIA.     BOOKS  VII.  AND  VIII.     By  A.  GOODWIN,  M.A.,  Professor  of 

Classics  in  University  College,  London.     2s.  6d. 

MEMORABILIA  SOCRATIS.  By  A.  R.  CLUER,  B.A.,  Balliol  College,  Oxford.  5s. 
HIERO.     By  Rev.  H.  A.  HOLDEN,  Litt.D.,  LL.D.    2s.  6d. 
OECONOMICUS.    By  the  same.    With  Lexicon.    5s. 
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Texts,  Edited  with  Introductions .  and  Notes,  for  the  use  of 
Advanced  Students  ;  Commentaries  and  Translations. 

5ISCHYLUS.— THE  SUPPLICES.     A  Revised  Text,  with  Translation.    By  T. 

G.  TUCKER,  Litt.D.,  Professor  of  Classical  Philology  in  the  University  of  Mel- 
bourne.   8vo.     10s.  6d. 
THE  SEVEN  AGAINST  THEBES.     With  Translation.     By  A.  W.  VERRALL, 

LittD.,  Fellow  of  Trinity  College,  Cambridge.     8vo.     7s.  6d. 
AGAMEMNON.    With  Translation.    By  A.  W.  VERRALL,  Litt.D.    8vo.     12s. 
AGAMEMNON,  CHOEPHORCE,  AND  EUMENIDES.     By  A.  0.  PRICKARD, 

M.A.,  Fellow  and  Tutor  of  New  College,  Oxford.    8vo.  [In  preparation. 

THE  EUMENIDES.    With  Verse  Translation.     By  BERNARD  DRAKE,  M.A, 

8vo.    5s. 
ANTONINUS,  MARCUS  AURELIUS.— BOOK  IV.   OF  THE  MEDITATIONS. 

With  Translation.     By  HASTINGS  CROSSLEY,  M.A.    8vo.    6s. 
ARISTOTLE.— THE  METAPHYSICS.     BOOK  I.    Translated  by  a  Cambridge 

Graduate.     8vo.    5s. 
THE  POLITICS.    By  R.  D.  HICKS,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

8vo.  [In  the  Press. 

THE  POLITICS.    Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A.,  Headmaster  of 

Harrow.    Cr.  8vo.    10s.  6d. 

THE  RHETORIC.    Translated  by  the  same.    Cr.  8ve.    Vs.  6d. 
AN  INTRODUCTION  TO  ARISTOTLE'S  RHETORIC.    With  Analysis,  Notes, 

and  Appendices.    By  E.  M.  COPE,  Fellow  and  late  Tutor  of  Trinity  College, 

Cambridge.    8vo.    14s 
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THE  ETHICS.     Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A.    Or.  8vo.  [In  prep. 
THE  SOPHISTIGI  ELENCHI.     With -Translation.    By  E.  POSTE,  M.A.,  Fellow 

of  Oriel  College,  Oxford.     Svo.     8s.  6d. 

ON  THE  CONSTITUTION  OF  ATHENS.     Edited  by  J.  E.  SANDYS,  Litt.D. 
ON  THE  CONSTITUTION  OF  ATHENS.     Translated  by  E.  POSTE,  M.A.    Cr. 

Svo.    3s.  6d. 
ON    THE    ART    OF    POETRY.      A    Lecture.      By   A.   O.   PKICKARD,  M.A., 

Fellow  and  Tutor  of  New  College,  Oxford.     Cr.  Svo.    3s.  6d. 

ARISTOPHANES.— THE  BIRDS.  Translated  into  English  Verse.  By  B.  H. 
KENNEDY,  D.D.  Cr.  Svo.  6s.  Help  Notes  to  the  Same,  for  the  Use  of 
Students.  Is.  6d. 

ATTIC  pRATORS.— FROM  ANTIPHON  TO  ISAEOS.  By  R.  C.  JEBB,  Litt.D., 
Regius  Professor  of  Greek  in  the  University  of  Cambridge.  2  vols.  Svo. 
25s. 

BABRIUS.— With  Lexicon.     By  Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Head- 
master of  Westminster.     Svo.     12s.  6d. 
CICERO.— THE  ACADEMICA.    By  J.  S.  REID,  LittD.,  Fellow  of  Caius  College, 

Cambridge.    Svo.     15s. 

THE  ACADEMICS.    Translated  by  the  same.     Svo.     5s.  6d. 
SELECT  LETTERS.    After  the  Edition  of  ALBERT  WATSON,  M.A.     Translated 
by  G.  E.  JEANS,  M.A.,  Fellow  of  Hertford  College,  Oxford.     Cr.  Svo.    10s.  6d. 
EURIPIDES.— MEDEA.    Edited  by  A.  W.  VERRALL,  Litt.D.     Svo.     7s.  6d. 
IPHIGENEIA  AT  AULIS.     Edited  by  E.  B.  ENGLAND,  M.A.     Svo.     7s.  6d. 
'INTRODUCTION  TO  THE  STUDY  OF  EURIPIDES.      By  Professor  J.  P. 
MAHAFFY.    Fcap.  Svo.    Is.  6d.    (Classical  Writers.) 

HERODOTUS.— BOOKS  I.-III.  THE  ANCIENT  EMPIRES  OF  THE  EAST. 
Edited  by  A.  H.  SAYCE,  Deputy-Professor  of  Comparative  Philology,  Oxford. 
Svo.  16s. 

BOOKS  IV.-IX.     Edited  by  R.  W.  MACAN,  M.A.,  Reader  in  Ancient  History  in 

the  University  of  Oxford.    Svo.  [In  preparation. 

THE  HISTORY.    Translated  by  G.  C.  MACAULAY,  M.A.    2  vols.    Cr.  Svo.     18s. 

HOMER.— THE  ILIAD.    By  WALTER  LEAF,  Litt.D.    Svo.    Books  I.-XII.     14s. 

Books  XIII.-XXIV.     14s. 
THE  ILIAD.    Translated  into  English  Prose  by  ANDREW  LANG,  M.A.,  WALTER 

LEAF,  Litt.D.,  and  ERNEST  MYERS,  M.A.    Cr.  Svo.    12s.  6d. 
THE  ODYSSEY.     Done  into  English  by  S.  H.  BUTCHER,  M.A.,  Professor  of 
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GLADSTONE.    ISmo.     Is.    (Literature  Primers.) 
HOMERIC  DICTIONARY.    Translated  from  the  German  of  Dr.  G.  AUTENRIETH 

by  R.  P.  KEEP,  Ph.D.    Illustrated.    Cr.  Svo.    6s. 
HORACE. — Translated  by  J.  LONSDALE,  M.A.,  and  S.  LEE,  M.A.    Gl.  Svo.    3s.  6d. 

STUDIES,  LITERARY  AND  HISTORICAL,  IN  THE  ODES  OF  HORACE. 

By  A.  W.  VERRALL,  Litt.D.     Svo.   8s.  6d. 

JUVENAL.— THIRTEEN  SATIRES  OF  JUVENAL.      By  JOHN  E.  B.  MAYOR, 
M.A.,  Professor  of  Latin  in  the  University  of  Cambridge.     Cr.  Svo.     2  vols. 
10s.  6d.  each.    Vol.  I.     10s.  6d.    Vol.  II.    10s.  6d. 
THIRTEEN  SATIRES.    Translated  by  ALEX.  LEEPER,  M.A.,  LL.D.,  Warden  of 

Trinity  College,  Melbourne.    Cr.  Svo.     3s.  6d. 
KTESIAS.— THE  FRAGMENTS  OF  THE  PERSIKA  OF  KTESIAS.    By  JOHN 

GILMORE,  M.A.     Svo.    8s.  6d. 

LIVY.— BOOKS  I.-IV.    Translated  by  Rev.  H.  M.  STEPHENSON,  M.A.        [In  prep. 
BOOKS  XXI.-XXV.    Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB, 

M.A.    Cr.  Svo.     7s.  6d. 
INTRODUCTION  TO  THE  STUDY  OF  LIVY.    By  Rev.  W.  W.  CAPES,  M.A. 

Fcap.  Svo.     Is.  6d.    (Classical  Writers.) 

LONGINUS.— ON  THE  SUBLIME.  Translated  by  H.  L.  HAVELL.  B.A.  With 
Introduction  by  ANDREW  LANG.  Cr.  Svo.  4s.  6d. 
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MARTIAL.— BOOKS  I.  AND  II.  OF  THE  EPIGRAMS.     By  Prof.  JOHN  B.  B. 

MAYOR,  M.A.     Svo.  (in  the  Press. 

MELEAGER.— FIFTY  POEMS  OF  MELEAGER.     Translated  by  WALTER  HEAD- 

LAM.     Fcap.  4to.     7s.  6d. 

PAUSANIAS.— DESCRIPTION  OF  GREECE.  Translated  with  Commentary 
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PHRYNICHUS.— THE  NEW  PHRYNICHUS  ;  being  a  Revised  Text  of  the  Ecloga 
of  the  Grammarian  Phrynichus.  With  Introduction  and  Commentary  by  Rev. 
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PLATO.— PHJEDO.     By  R.  D.  ARCHER-HIND,  M.A.,  Fellow  of  Trinity  College, 

Cambridge.    8vo.     8s.  6d. 
PH.EDO.    By  W.  D.  GEDDES,  LL.D.,  Principal  of  the  University  of  Aberdeen. 

Svo.     8s.  6d. 

TIMAEUS.     With  Translation.    By  R.  D.  ARCHER-HIND,  M.A.     Svo.     16s. 
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PH^EDRUS,  LYSIS,  AND  PROTAGORAS.     Translated  by  J.  WRIGHT,  M.A. 
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Svo.     14s. 
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BURGH,  M.A.  2  vols.  Cr.  Svo.  24s. 

SALLUST.— CATILINE  AND  JUGURTHA.  Translated  by  A.  W.  POLLARD,  B.  A. 
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SOPHOCLES.—  (EDIPUS  THE  KING.  Translated  into  English  Verse  by  E.  D.  A. 
MORSHEAD,  M.A.,  Assistant  Master  at  Winchester.  Fcap.  Svo.  3s.  6d. 

TACITUS.— THE  ANNALS.    By  G.  O.  HOLBROOKE,  M.A.,  Professor  of  Latin  in 
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THE  ANNALS.    Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A. 

With  Maps.    Cr.  Svo.    7s.  6d. 

THE  HISTORIES.    By  Rev.  W.  A.  SPOONER,  M.A.,  FeUow  and  Tutor  of  New 
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THE  HISTORY.    Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB, 

M.A.     With  Map.     Cr.  Svo.     6s. 
THE  AGRICOLA  AND  GERMANY,  WITH  THE  DIALOGUE  ON  ORATORY. 

Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A.    With  Maps. 

Cr.  Svo.    4s.  6d 
^INTRODUCTION  TO  THE  STUDY  OF  TACITUS.     By  A.  J.  CHURCH,  M.A., 
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BOOK  VIII.     By  H.  C.  GOODHART,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

[In  the  Press. 

VIRGIL.— Translated  by  J.  LONSDALE,  M.A.,  and  S.  LEE,  M.A.     Gl.  8vo.     3s.  6d. 
THE  jENEID.    Translated  by  J.  W.  MACKAIL,  M.A.,  Fellow  of  Balliol  College, 
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XENOPHON.— Translated  by  H.G.  DAKYNS,  M.A.  Infourvols.  Cr.  8vo.  Vol.  I., 
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Plans.  [In  the  Press. 
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*BELCHER.— SHORT  EXERCISES  IN  LATIN  PROSE  COMPOSITION  AND 
EXAMINATION  PAPERS  IN  LATIN  GRAMMAR.     Part  I.     By  Rev.   H. 
BELCHER,  LL.D.,  Rector  of  the  High  School,  Dunedin,  N.Z.     18mo.    Is.  6d. 
KEY,  for  Teachers  only.    18mo.     3s.  6d. 

*Part  II.,  On  the  Syntax  of  Sentences,  with  an  Appendix,  including  EXERCISES 
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BLACKIE.— GREEK  AND  ENGLISH  DIALOGUES  FOR  USE  IN  SCHOOLS 
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in  the  University  of  Edinburgh.     New  Edition.     Fcap.  8vo.    2s.  6d. 
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COOKSON.— A  LATIN  SYNTAX.     By  CHRISTOPHER  COOKSON,  M.A.,  Assistant 
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*EICKE.— FIRST  LESSONS  IN  LATIN.    By  K.  M.  EICKE,  B.A.,  Assistant  Master 

at  Oundle  School.    Gl.  8vo.    2s.  6d. 
*ENGLAND.— EXERCISES  ON  LATIN  SYNTAX  AND  IDIOM.     ARRANGED 

WITH  REFERENCE  TO  ROBY'S  SCHOOL  LATIN  GRAMMAR.    By  E. 

B.  ENGLAND,  Assistant  Lecturer  at  the  Owens  College,  Victoria  University, 

Manchester.     Cr.  8vo.     2s.  6d.     KEY,  for  Teachers  only.    2s.  6d. 

GILES.— A  SHORT  MANUAL  OF  PHILOLOGY  FOR  CLASSICAL  STUDENTS 

By  P.  GILES,  M.A.,  Reader  in  Comparative  Philology  in  the  University  of  Cam 

bridge.     Cr.  8vo.  [In  the  Press 

GOODWIN.— Works  by  W.  W.  GOODWIN,  LL.D.,  D.C.L.,  Professor  of  Greek  in 

Harvard  University,  U.S.A. 
SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE  GREEK  VERB.    New 

Ed.,  revised  and  enlarged.    8vo.    14s. 
*A  GREEK  GRAMMAR.    Cr.  8vo.     6s. 
*A  GREEK  GRAMMAR  FOR  SCHOOLS.     Cr.  8vo.     3s.  6d. 
GREENWOOD.— THE  ELEMENTS  OF  GREEK  GRAMMAR.    Adapted  to  the 

System  of  Crude  Forms.     By  J.  G.  GREENWOOD,  sometime  Principal  of  the 

Owens  College,  Manchester.    Cr.  8vo.    5s.  6d. 
HADLEY.— ESSAYS,  PHILOLOGICAL  AND  CRITICAL.     By  JAMES  HADLEY, 

late  Professor  in  Yale  College.    8vo.     16s. 
HADLEY    and    ALLEN. —  A   GREEK    GRAMMAR    FOR    SCHOOLS    AND 

COLLEGES.    By  JAMES  HADLEY,  late  Professor  in  Yale  College.    Revised 

and  in  part  rewritten  by  F.  DE  F.  ALLEN,  Professor  in  Harvard  College. 

Cr.  8vo.    6s. 
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HODGSON.— MYTHOLOGY  FOE  LATIN  VERSIFICATION.  A  brief  sketch  of 
the  Fables  of  the  Ancients,  prepared  to  be  rendered  into  Latin  Verse  for 
Schools.  By  F.  HODGSON,  B.D.,  late  Provost  of  Eton.  New  Ed.,  revised  by 
F.  C.  HODGSON,  M.A.  18mo.  3s. 

*  JACKSON.— FIRST  STEPS  TO  GREEK  PROSE  COMPOSITION  By  BLOMFIELD 
JACKSON,  M.A.,  Assistant  Master  at  King's  College  School.  ISmo.  Is.  6d. 
KEY,  for  Teachers  only.  18mo.  3s.  6d. 

'SECOND  STEPS  TO  GREEK  PROSE  COMPOSITION,  with  Miscellaneous 
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KYNASTON.— EXERCISES    IN    THE    COMPOSITION   OF    GREEK   IAMBIC 
VERSE  by  Translations  from  English  Dramatists.     By  Rev.  H.  KYNASTON, 
D.D.,  Professor  of  Classics  in  the  University  of  Durham.    With  Vocabulary. 
Ex.  fcap.  8vo.     5s. 
KEY,  for  Teachers  only.    Ex.  fcap.  8vo.    4s.  6d. 

LUPTON.— *AN  INTRODUCTION  TO  LATIN  ELEGIAC  VERSE  COMPOSI- 
TION. By  J.  H.  LUPTON,  Sur-Master  of  St.  Paul's  School.  Gl.  8vo.  2s.  6d. 
KEY  TO  PART  II.  (XXV.-C.)  Gl.  8vo.  3s.  6d. 

*AN  INTRODUCTION  TO  LATIN  LYRIC  VERSE  COMPOSITION.  By  the 
same.  Gl.  8vo.  3s.  KEY,  for  Teachers  only.  Gl.  8vo.  4s.  6d. 

MACKIE.— PARALLEL  PASSAGES  FOR  TRANSLATION  INTO  GREEK 
AND  ENGLISH.  With  Indexes.  By  Rev.  ELLIS  C.  MACKIE,  M.A.,  Classical 
Master  at  Heversham  Grammar  School.  Gl.  8vo.  4s.  6d. 

*MACMILL AN.— FIRST  LATIN  GRAMMAR.  By  M.  C.  MACMILLAN,  M.A. 
Fcap.  8vo.  Is.  6d. 

MACMILLAN'S  GREEK  COURSE.— Edited  by  Rev.  W.  G.  RUTHERFORD,  M.A., 

LL.D.,  Headmaster  of  Westminster.    Gl.  8vo. 
*FIRST  GREEK  GRAMMAR— ACCIDENCE.    By  the  Editor.    2s. 
*FIRST  GREEK  GRAMMAR— SYNTAX.     By  the  same.    2s. 
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*A  SECOND   GREEK   EXERCISE   BOOK.     By    Rev.   W.  A.    HEARD,    M.A., 

Headmaster  of  Fettes  College,  Edinburgh.    2s.  6d. 

EASY  EXERCISES  IN  GREEK   SYNTAX.      By  Rev.   G.   H.   NALL,  M.A., 
Assistant  Master  at  Westminster  School.  [In  preparation. 

MANUAL  OF  GREEK  ACCIDENCE.     By  the  Editor.  [In  preparation. 

MANUAL  OF  GREEK  SYNTAX.     By  the  Editor.  [In  preparation. 

ELEMENTARY  GREEK  COMPOSITION.    By  the  Editor.         [In  preparation. 

*MACMILLAN'S  GREEK  READER.— STORIES  AND  LEGENDS.  A  First  Greek 
Reader,  with  Notes,  Vocabulary,  and  Exercises.  By  F.  H.  COLSON,  M.A., 
Headmaster  of  Plymouth  College.  Gl.  8vo.  3s. 

MACMILLAN'S  LATIN  COURSE.— By  A.  M.  COOK,  M.A.,  Assistant  Master  at 

St.  Paul's  School. 
*FIRST  PART.     Gl.  8vo.     3s.  6d. 
"SECOND  PART.    2s.  6d.  [Third  Part  in  preparation. 

'MACMILLAN'S  SHORTER  LATIN  COURSE.— By  A.  M.  COOK,  M.A.  Being  an 
abridgment  of  "  Macmillan's  Latin  Course,"  First  Part.  Gl.  8vo.  Is.  6d. 

"MACMILLAN'S  LATIN  READER.— A  LATIN  READER  FOR  THE  LOWER 
FORMS  IN  SCHOOLS.  By  H.  J.  HARDY,  M.A.,  Assistant  Master  at  Win- 
chester. Gl.  8vo.  2s.  6d. 

"MARSHALL.— A  TABLE  OF  IRREGULAR  GREEK  VERBS,  classified  according 
to  the  arrangement  of  Curtius's  Greek  Grammar.  By  J.  M.  MARSHALL,  M.A., 
Headmaster  of  the  Grammar  School,  Durham.  8vo.  Is. 

MAYOR.— FIRST  GREEK  READER.  By  Prof.  JOHN  E.  B.  MAYOR,  M.A.,  Fellow 
of  St.  John's  College,  Cambridge.  Fcap.  8vo.  4s.  6d. 
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MAYOR.— GREEK  FOE  BEGINNERS.    By   Rev.   J.   B.   MAYOR,   M.A.,  late 

Professor  of  Classical  Literature  in  King's  College,  London.     Part  I.,  with 

Vocabulary,  Is.  6d.     Parts  II.  and  III.,  with  Vocabulary  and  Index.     Fcap. 

8vo.     3s.  6d.     Complete  in  one  Vol.     4s.  6d. 
NIXON.— PARALLEL  EXTRACTS,  Arranged  for  Translation  into  English  and 

Latin,  with  Notes  on  Idioms.     By  J.  E.  NIXON,  M.A.,  Fellow  and  Classical 

Lecturer,   King's  College,   Cambridge.     Part  I. — Historical  and  Epistolary. 

Cr.  8vo.     3s.  6d. 
PROSE  EXTRACTS,  Arranged  for  Translation  into  English  and  Latin,  with 

General  and  Special  Prefaces  on  Style  and  Idiom.    By  the  same.    I.  Oratorical. 

II.   Historical.     III.   Philosophical.     IV.   Anecdotes  and  Letters.     2d  Ed., 

enlarged  to  280  pp.    Cr.  8vo.     4s.  6d.    SELECTIONS  FROM  THE  SAME.    3s. 
Translations  of  about  70  Extracts  can  be  supplied  to  Schoolmasters  (2s.  6d.), 

on  application  to  the  Author :  and  about  40  similarly  of  "Parallel  Extracts." 

Is.  6d.  post  free. 
*PANTIN.— A  FIRST  LATIN  VERSE   BOOK.     By  W.    E.   P.   PANTIN,  M.A., 

Assistant  Master  at  St.  Paul's  School.     Gl.  8vo.     Is.  6d. 
*PEILE.— A  PRIMER  OF  PHILOLOGY.     By  J.  PEILE,  LittD.,  Master  of  Christ's 

College,  Cambridge.    18mo.    Is. 
*POSTGATE.— SERMO  LATINUS.    A  short  Guide  to  Latin  Prose  Composition. 

By  Prof.  J.  P.  POSTGATE,  LittD. ,  Fellow  of  Trinity  College,  Cambridge.    Gl. 

8vo.     2s.  6d.     KEY  to  "  Selected  Passages."    Gl.  8vo.    3s.  6d. 
POSTGATE  and  VINCE.— A  DICTIONARY  OF   LATIN  .  ETYMOLOGY.     By 

J.  P.  POSTQATE  and  C.  A.  VINCE.  [In  preparation. 

POTTS.— "HINTS  TOWARDS  LATIN  PROSE  COMPOSITION.    By  A.  W.  POTTS, 

M.A.,  LL.D.,  late  Fellow  of  St.  John's  College,  Cambridge.    Ex.  fcap.  8vo.   3s. 
'PASSAGES  FOR  TRANSLATION  INTO  LATIN  PROSE.  Edited  with  Notes  and 

References  to  the  above.   Ex.  fcap.  8vo.   2s.  6d.    KE  Y,  for  Teachers  only.  2s.  6d. 
*PRESTON.— EXERCISES  IN  LATIN  VERSE  OF  VARIOUS  KINDS.    By  Rev. 

G.  PRESTON.    Gl.  8vo.    2s.  6d.    KEY,  for  Teachers  only.    Gl.  8vo.    5s. 
REID.— A  GRAMMAR  OF  TACITUS.    By  J.  S.  REID,  Litt.D.,  Fellow  of  Caius 

College,  Cambridge.  [In  the  Press. 

A  GRAMMAR  OF  VIRGIL.    By  the  same.  [In  preparation. 

ROBY.— Works  by  H.  J.  ROBY,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 

A  GRAMMAR  OF  THE  LATIN  LANGUAGE,  from  Plautus  to  Suetonius.     Part 

I.     Sounds,  Inflexions,  Word-formation,  Appendices.  Cr.  Svo.    9s.    Part  II. 

Syntax,  Prepositions,  etc.     10s.  6d. 
'SCHOOL  LATIN  GRAMMAR.    Cr.  Svo.    5s. 

AN  ELEMENTARY  LATIN  GRAMMAR.  [In  the  Press. 

*RUSH.— SYNTHETIC  LATIN  DELECTUS.    With  Notes  and  Vocabulary.    By  E. 

RUSH,  B.A.    Ex.  fcap.  Svo.    2s.  6d. 
*RUST.— FIRST  STEPS  TO  LATIN  PROSE  COMPOSITION.    By  Rev.  G.  RUST, 

M.A.    18mo.    Is.  6d.    KEY,  for  Teachers  only.    ByW.  M.  YATES.    18mo.    3s.  6d. 
RUTHERFORD.— Works  by  the  Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Head- 
master of  Westminster. 
REX  LEX.     A  Short  Digest  of  the  principal  Relations  between  the  Latin, 

Greek,  and  Anglo-Saxon  Sounds.    Svo.  [In  preparation. 

THE  NEW  PHRYNICHUS ;  being  a  Revised  Text  of  the  Ecloga  of  the  Gram- 
marian Phrynichus.    With  Introduction  and  Commentary.    Svo.    18s.    (See 

also  Macmillan's  Greek  Course.) 
SHUCKBURGH.— PASSAGES  FROM  LATIN  AUTHORS  FOR  TRANSLATION 

INTO  ENGLISH.    Selected  with  a  view  to  the  needs  of  Candidates  for  the 

Cambridge  Local,  and  Public  Schools'  Examinations.    By  E.  S.  SHUCKBUROH, 

M.A.     Cr.  Svo.    2s. 
'SIMPSON.  —  LATIN  PROSE  AFTER  THE  BEST  AUTHORS  :  Csesarian  Prose. 

By  F.  P.  SIMPSON,  B.A.    Ex.  fcap.  Svo.    2s.  6d.    KEY,  for  Teachers  only. 

Ex.  fcap.  Svo.     5s. 
STRACHAN  and  WILKINS.— ANALECTA.    Selected  Passages  for  Translation. 

By  J.  S.  STRACHAN,  M.A.,  Professor  of  Greek,  and  A.  S.  WILKINS,  Litt.D., 

Professor  of  Latin  in  the  Owens  College,  Manchester.    Cr.  Svo.    5s.    KEY  to 

Latin  Passages.    Cr.  Svo.    Sewed,  Cd. 
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THRING.— Works  by  the  Rev.  B.  THRING,  M.A.,  late  Headmaster  of  Uppingham. 
A  LATIN  GRADUAL.    A  First  Latin  Construing  Book  for  Beginners.    With 

Coloured  Sentence  Maps.     Fcap.  8vo.     2s.  6d. 
A  MANUAL  OF  MOOD  CONSTRUCTIONS.     Fcap.  8vo.     Is.  6d. 

*WELCH  and  DUFFIELD.  —  LATIN  ACCIDENCE  AND  EXERCISES  AR- 
RANGED FOR  BEGINNERS.  By  W.  WELCH  and  C.  G.  DUFFIELD, 
Assistant  Masters  at  Cranleigh  School.  18mo.  Is.  6d. 

WHITE.— FIRST  LESSONS  IN  GREEK.  Adapted  to  GOODWIN'S  GEEEK  GRAM- 
MAR, and  designed  as  an  introduction  to  the  ANABASIS  OF  XENOPHON.  By 
JOHN  WILLIAMS  WHITE,  Assistant  Professor  of  Greek  in  Harvard  University, 
U.S.A.  Cr.  8vo.  3s.  6d. 

WRIGHT.— Works  by  J.  WRIGHT,  M.  A. ,  late  Headmaster  of  Button  Coldfield  School. 

A  HELP  TO  LATIN  GRAMMAR ;  or,  the  Form  and  Use  of  Words  in  Latin: 
with  Progressive  Exercises.  Cr.  8vo.  4s.  6d. 

THE  SEVEN  KINGS  OF  ROME.  An  Easy  Narrative,  abridged  from  the  First 
Book  of  Livy  by  the  omission  of  Difficult  Passages  ;  being  a  First  Latin  Read- 
ing Book,  with  Grammatical  Notes  and  Vocabulary.  Fcap.  8vo.  3s.  6d. 

FIRST  LATIN  STEPS;  OR,  AN  INTRODUCTION  BY  A  SERIES  OF 
EXAMPLES  TO  THE  STUDY  OF  THE  LATIN  LANGUAGE.  Cr.  8vo.  3s. 

ATTIC  PRIMER.     Arranged  for  the  Use  of  Beginners.     Ex.  fcap.fSvo.    2s.  6d. 

A  COMPLETE  LATIN  COURSE,  comprising  Rules  with  Examples,  Exercises, 
both  Latin  and  English,  on  each  Rule,  and  Vocabularies.  Cr.  8vo.  2s.  6d. 
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ARNOLD.— A  HISTORY  OF  THE  EARLY  ROMAN  EMPIRE.   By  W.  T.  ARNOLD, 

M.A.  [In  preparation. 

ARNOLD.— THE  SECOND  PUNIC  WAR.     Being  Chapters  from  THE  HISTORY 

OF  ROME  by  the   late    THOMAS   ARNOLD,   D.D.,    Headmaster    of   Rugby. 

Edited,  with  Notes,  by  W.  T.  ARNOLD,  M.A.    With  8  Maps.    Cr.  8vo.    5s. 

*BEESLY.— STORIES  FROM  THE   HISTORY  OF  ROME.     By  Mrs.  BEESLY. 

Fcap.  8vo.    2s.  6d. 

BLACKIE.— HOR^  HELLENIC^.  By  JOHN  STUART  BLACKIE,  Emeritus  Pro- 
fessor of  Greek  in  the  University  of  Edinburgh.  8vo.  12s. 

BURN.— ROMAN  LITERATURE  IN  RELATION  TO  ROMAN  ART.  By  Rev. 
ROBERT  BURN,  M.A.,  late  Fellow  of  Trinity  College,  Cambridge.  Illustrated. 
Ex.  cr.  8vo.  14s. 

BURY.— A  HISTORY  OF  THE  LATER  ROMAN  EMPIRE  FROM  ARCADIUS 
TO  IRENE,  A.D.  395-800.    By  J.  B.  BURY,  M.A.,  Fellow  of  Trinity  College, 
Dublin.    2  vols.    8vo.     32s. 
'CLASSICAL  WRITERS.— Edited  by  JOHN  RICHARD  GREEN,  M.A.,  LL.D.    Fcap. 

8vo.    Is.  6d.  each. 

SOPHOCLES.     By  Prof.  L.  CAMPBELL,  M.A. 
EURIPIDES.     By  Prof.  MAHAFFY,  D.D. 
DEMOSTHENES.     By  Prof.  8.  H.  BUTCHER,  M.A. 
VIRGIL.    By  Prof.  NETTLESHIP,  M.A. 
LIVY.    By  Rev.  W.  W.  CAPES,  M.A. 

TACITUS.     By  Prof.  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A. 
MILTON.    By  Rev.  STOPFORD  A.  BROOKE,  M.A. 

DYER.— STUDIES  OF  THE  GODS  IN  GREECE  AT  CERTAIN  SANCTUARIES 

RECENTLY  EXCAVATED.    By  Louis  DYER,  B.  A..    Ex.  Cr.  8vo.    8s.6d.net. 

FREEMAN.— Works  by  EDWARD  A.  FREEMAN,  D.C.L.,  LL.D.,  Regius  Professor  of 

Modern  History  in  the  University  of  Oxford. 

HISTORY  OF  ROME.  (Historical  Course  for  Schools.)  18mo.  [In  preparation. 
HISTORY  OF  GREECE.  (Historical  Course  for  Schools.)  18mo.  [In  preparation. 
A  SCHOOL  HISTORY  OF  ROME.  Cr  8vo.  [In  preparation. 

HISTORICAL  ESSAYS.    Second  Series.    [Greek  and  Roman  History.]     8vo. 
10s.  6d. 
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GARDNER.—  SAMOS  AND  SAMIAN  COINS.    An  Essay.     By  PERCY  GARDNER, 

Litt.D.,  Professor  of  Archaeology  in  the  University  of  Oxford.    Svo.     7s.  6d. 
GEDDES.—  THE  PROBLEM  OP  THE  HOMERIC  POEMS.     By  W.  D.  GEDDES, 

Principal  of  the  University  of  Aberdeen.     Svo.     14s. 
GLADSTONE.—  Works  by  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 
THE  TIME  AND  PLACE  OF  HOMER.     Cr.  Svo.     6s.  6d. 
LANDMARKS  OF  HOMERIC  STUDY.     Cr.  Svo.     2s.  6d. 
*A  PRIMER  OF  HOMER.     ISmo.     Is. 

GOW.—  A  COMPANION  TO  SCHOOL  CLASSICS.  By  JAMES  Gow,  Litt.D., 
Master  of  the  High  School,  Nottingham.  With  Illustrations.  2d  Ed.,  revised 
Cr.  Svo.  6s. 

HARRISON  and  VERRALL.—  MYTHOLOGY  AND  MONUMENTS  OF  ANCIENT 
ATHENS.  Translation  of  a  portion  of  the  "Attica"  of  Pausanias.  By 
MARGARET  DE  G.  VERRALL.  With  Introductory  Essay  and  Archaeological 
Commentary  by  JANE  E.  HARRISON.  With  Illustrations  and  Plans.  Cr. 
Svo.  16s. 
JEBB,  —  Works  by  R.  C.  JEBB,  Litt.D.,  Professor  of  Greek  in  the  University  of 

Cambridge. 

THE  ATTIC  ORATORS  FROM  ANTIPHON  TO  ISAEOS.    2  vols.    Svo.    25s. 
*A  PRIMER  OF  GREEK  LITERATURE.     ISmo.     Is. 

(See  also  Classical  Series.) 
KIEPERT.  —  MANUAL  OF  ANCIENT  GEOGRAPHY.     By  Dr.   H.   KIEPERT. 

Cr.  Svo.     5a. 

LANCIANI.—  ANCIENT  ROME  IN  THE  LIGHT  OF  RECENT  DISCOVERIES. 
By  RODOLFO  LANCIANI,  Professor  of  Archaeology  in  the  University  of  Rome. 
Illustrated.  4to.  24s. 

LEAF.—  INTRODUCTION  TO  THE  ILIAD  FOR  ENGLISH  READERS.     By 

WALTER  LEAF,  Litt.D.  [In  preparation. 

MAHAFFY.—  Works  by  J.  P.  MAHAFFY,  D.D.,  Fellow  of  Trinity  College,  Dublin 

and  Professor  of  Ancient  History  in  the  University  of  Dublin. 
SOCIAL  LIFE  IN  GREECE  ;  from  Homer  to  Menander.     Cr.  Svo.    9s. 
GREEK  LIFE  AND  THOUGHT  ;  from  the  Age  of  Alexander  to  the  Roman 

Conquest.     Cr.  Svo.     12s.  6d. 
THE  GREEK  WORLD  UNDER  ROMAN  SWAY.     From  Plutarch  to  Polybius. 

Cr.  Svo.    10s.  6d. 
RAMBLES  AND  STUDIES  IN  GREECE.     With  Illustrations.     With  Map. 

Cr.  Svo.    10s.  6d. 

A  HISTORY  OF  CLASSICAL  GREEK  LITERATURE.     Cr.   Svo.      Vol.  I. 
In  two  parts.    Part  I.  The  Poets,  with  an  Appendix  on  Homer  by  Prof.  SAYCE. 
Part  II.  Dramatic  Poets.    Vol.  II.  The  Prose  Writers.     In  two  parts.    Part  I. 
Herodotus  to  Plato.    Part  II.  Isocrates  to  Aristotle.    4s.  6d.  each. 
*A  PRIMER  OF  GREEK  ANTIQUITIES.    With  Illustrations.     ISmo.     Is. 
*EURIPIDES.    ISmo.    Is.  6d.    (Classical  Writers.) 
MAYOR.—  BIBLIOGRAPHICAL    CLUE    TO    LATIN    LITERATURE.    Edited 

after  HUBNER.     By  Prof.  JOHN  E.  B.  MAYOR.     Cr.  Svo.     10s.  6d. 
NEWTON.—  ESSAYS  ON  ART  AND  ARCHEOLOGY.    By  Sir  CHARLES  NEWTON, 

K.C.B.,  D.C.L.     Svo.     12s.  6d. 

PHILOLOGY.-THE  JOURNAL  OF  PHILOLOGY.  Edited  by  W.  A.  WRIGHT, 
M.A.,  I.  BYWATER,  M.A.,  and  H.  JACKSON,  Litt.D.  4s.  6d.  each  (half- 


SAYCE.—  THE  ANCIENT  EMPIRES  OF  THE  EAST.  By  A.  H.  SAYCE,  M.A., 
Deputy-Professor  of  Comparative  Philology,  Oxford.  Cr.  Svo.  6s. 

SCHMIDT  and  WHITE.  AN  INTRODUCTION  TO  THE  RHYTHMIC  AND 
METRIC  OF  THE  CLASSICAL  LANGUAGES.  By  Dr.  J.  H.  HEINRICH 
SCHMIDT.  Translated  by  JOHN  WILLIAMS  WHITE,  Ph.D.  Svo.  10s.  6d. 

SHUCHHARDT.—  DR.  SCHLIEMANN'S  EXCAVATIONS  AT  TROY,  TIRYNS, 
MYCENAE,  ORCHOMENOS,  ITHACA,  presented  in  the  light  of  recent  know- 
ledge. By  Dr.  CARL  SHUCHHARDT.  Translated  by  EUGENIE  SELLERS.  Intro- 
duction by  WALTER  LEAF,  LittD.  Illustrated.  Svo.  18s.  net. 
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SHUCKBURGH.— A  SCHOOL  HISTORY  OP  ROME.      J3y  E.  S.  SHUCKBURQH, 

M.A.     Or.  8vo.  [In  preparation. 

*STEWART.— THE  TALE  OF  TROY.     Done  into  English  by  AUBREY  STEWART. 

Gl.  8vo.    3s.  6d. 
*TOZER.—  A  PRIMER  OF  CLASSICAL  GEOGRAPHY.    By  H.  F.  TOZER,  M.A. 

18mo.     Is. 

WALDSTEIN.— CATALOGUE  OF  CASTS  IN  THE  MUSEUM  OF  CLASSICAL 
ARCHEOLOGY,  CAMBRIDGE.  By  CHARLES  WALDSTEIN,  University  Reader 
in  Classical  Archaeology.  Cr.  8vo.  Is.  6d. 

\*  Also  an  Edition  on  Large  Paper,  small  4to.    5s. 
WILKINS.— Works  by  Prof.  WILKINS,  Litt.D.,  LL.D. 
*A  PRIMER  OF  ROMAN  ANTIQUITIES.     Illustrated.     18mo.     Is. 
*A  PRIMER  OF  ROMAN  LITERATURE.     18mo.     Is. 

WILKINS  and  ARNOLD. —A  MANUAL  OF  ROMAN  ANTIQUITIES.  By 
Prof.  A.  S.  WILKINS,  LittD.,  and  W.  T.  ARNOLD,  M.A.  Cr.  8vo.  Illustrated. 

[In  preparation. 

MODERN   LANGUAGES   AND 
LITERATURE. 

English ;  French ;  German ;  Modern  Greek ;  Italian ;  Spanish. 

ENGLISH. 

*ABBOTT.—  A  SHAKESPEARIAN  GRAMMAR.  An  Attempt  to  Illustrate  some 
of  the  Differences  between  Elizabethan  and  Modern  English.  By  the  Rev.  E. 
A.  ABBOTT,  D.D.,  formerly  Headmaster  of  the  City  of  London  School.  Ex. 
fcap.  8vo.  6s. 

*BACON.— ESSAYS.  With  Introduction  and  Notes,  by  F.  G.  SELBY,  M.A.,  Profes- 
sor of  Logic  and  Moral  Philosophy,  Deccan  College,  Poona.  Gl.  8vo.  3s.  ; 
served  2s  (5d 

*BURKE.— REFLECTIONS  ON  THE  FRENCH  REVOLUTION.  By  the  same. 
Gl.  8vo.  5s. 

BROOKE.—  *PRIMER  OF  ENGLISH  LITERATURE.     By  Rev.   STOPFORD  A. 

BROOKE,  M.A.    18mo.     Is. 
EARLY  ENGLISH  LITERATURE.  By  the  same.  2vols.  8vo.  [Vol.  7.  InthePress. 

BUTLER. — HUDIBRAS.  With  Introduction  and  Notes,  by  ALFRED  MILNES, 
M.A.  Ex.  fcap.  8vo.  Part  I.  3s.  6d.  Parts  II.  and  III.  4s.  6d. 

CAMPBELL.— SELECTIONS.  With  Introduction  and  Notes,  by  CECIL  M.  BARROW, 
M.A.,  Principal  of  Victoria  College,  Palghat.  Gl.  8vo.  [In  preparation. 

COWPER.— *THE  TASK  :  an  Epistle  to  Joseph  Hill,  Esq.  ;  TIROCINIUM,  or  a  Re- 
view of  the  Schools  ;  and  THE  HISTORY  OF  JOHN  GILPIN.    Edited,  with  Notes, 
by  W.  BENHAM,  B.D.    Gl.  8vo.     Is.    (Globe  Readings  from  Standard  Authors.) 
THE  TASK.    With  Introduction  and  Notes,  by  F.  J.  ROWE,  M.A.,  and  W.  T. 
WEBB,  M.A.,  Professors  of  English  Literature,  Presidency  College,  Calcutta. 

[In  preparation. 

*DOWDEN.— A  PRIMER  OF  SHAKESPERE.    By  Prof.  DOWDEN.    18mo.    Is. 

DRYDEN.— SELECT  PROSE  WORKS.  Edited,  with  Introduction  and  Notes,  by 
Prof.  C.  D.  YONGE.  Fcap.  8vo.  2s.  6d. 

*GLOBE  READERS.  For  Standards  I.-VI.  Edited  by  A.  F.  MURISON.  Illustrated. 
Gl.  8vo. 


Primer    I.    (48  pp.)  3d. 


: 


Primer  II.    (48  pp.)  3d. 

Book       I.  (132  pp.)  6d. 

Book     II.  (136  pp.)  9d. 


Book  III.  (232  pp.)  Is.  3d. 

Book  IV.  (328  pp.)  Is.  9d. 

Book    V.  (408  pp.)  2s. 

Book  VI.  (436  pp.)  2s.  6d. 


*THE  SHORTER  GLOBE  READERS.— Illustrated.    Gl.  8vo. 


Primer       I.    (48  pp.)  3d. 

Primer     II.    (48  pp.)  3d. 

Standard    I.    (90pp.)  6d. 

Standard  II.  (124  pp.)  9d. 


Standard  III.  (178  pp.)  Is. 

Standard  IV.  (182  pp.)  Is. 

Standard     V.  (216  pp.)  Is.  3d. 

Standard  VI.  (228  pp.)  Is.  6d. 
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•GOLDSMITH.— THE  TRAVELLER,  or  a  Prospect  of  Society  ;  and  THE  DESERTED 
VILLAGE.  With  Notes,  Philological  and  Explanatory,  by  J.  W.  HALES,  M.A. 
Or.  8vo.  6d. 

*THE  TRAVELLER  AND  THE  DESERTED  VILLAGE.     With  Introduction  and 

Notes,  by  A.  BARRETT,  B.A.,  Professor  of  English  Literature,  Elphinstone 

College,  Bombay.    Gl.  8vo.     Is.  9d. ;  sewed,  Is.  6d.    The  Traveller  (separately), 

Is.,  sewed. 

*THE  VICAR  OF  WAKEFIELD.     With    a   Memoir  of   Goldsmith,  by  Prof. 

MASSON.     Gl.  8vo.     Is.     (Globe  Readings  from  Standard  Authors.) 
SELECT   ESSAYS.     With   Introduction   and   Notes,    by  Prof.  C.  D.  YONOE. 

Fcap.  Svo.     2s.  6d. 
GOSSE.— A  HISTORY  OF  EIGHTEENTH  CENTURY  LITERATURE  (1660-1780). 

By  EDMUND  GOSSE,  M.A.     Cr.  Svo.     7s.  6d. 
*GRAY.— POEMS.    With  Introduction  and  Notes,  by  JOHN  BRADSHAW,  LL.D. 

Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 

*HALES.— LONGER  ENGLISH  POEMS.  With  Notes,  Philological  and  Explana- 
tory, and  an  Introduction  on  the  Teaching  of  English,  by  J.  W.  HALES,  M.A., 
Professor  of  English  Literature  at  King's  College,  London.  Ex.  fcap.  Svo.  4s.  6d. 
•HELPS.— ESSAYS  WRITTEN  IN  THE  INTERVALS  OF  BUSINESS.  With 
Introduction  and  Notes,  by  F.  J.  ROWE,  M.A.,  and  W.  T.  WEBB,  M.A. 
Gl.  Svo.  Is.  9d. ;  sewed,  Is.  6d. 

•JOHNSON.— LIVES  OF  THE  POETS.  The  Six  Chief  Lives  (Milton,  Dryden, 
Swift,  Addison,  Pope,  Gray),  with  Macaulay's  "Life  of  Johnson."  With  Pre- 
face and  Notes  by  MATTHEW  ARNOLD.  Cr.  Svo.  4s.  6d. 

KELLNER.  — HISTORICAL    OUTLINES    OF    ENGLISH    SYNTAX.      By    L. 

KELLNER,  Ph.D.  .  [In  the  Press. 

•LAMB.— TALES  FROM  SHAKSPEARE.     With  Preface  by  the   Rev.  CANON 

AINGER,  M.A.,  LL.D.     Gl.  Svo.     2s.    (Globe  Readings  from  Standard  Authors.) 

•LITERATURE  PRIMERS.— Edited  by  JOHN  RICHARD   GREEN,   LL.D.    ISmo. 

Is.  each. 

ENGLISH  GRAMMAR.    By  Rev.  R.  MORRIS,  LL.D. 
ENGLISH   GRAMMAR   EXERCISES.      By  R.   MORRIS,   LL.D.,   and    H.  C. 

BOWEN,  M.A. 
EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH  GRAMMAR.      By  J. 

WETHERELL,  M.A. 

ENGLISH  COMPOSITION.     By  Professor  NICHOL. 
QUESTIONS  AND  EXERCISES  ON  ENGLISH  COMPOSITION.      By  Prof. 

NICHOL  and  W.  S.  M'CORMICK. 

ENGLISH  LITERATURE.     By  STOPFORD  BROOKE,  M.A. 
SHAKSPERE.    By  Professor  DOWDEN. 

THE    CHILDREN'S  ^.TREASURY    OF    LYRICAL    POETRY.      Selected  and 
arranged  with  Notes  by  FRANCIS  TURNER  PALGRAVE.     In  Two  Parts.    Is.  each. 
PHILOLOGY.    By  J.  PEILE,  Litt.D. 

ROMAN  LITERATURE.    By  Prof.  A.  S.  WILKINS,  Litt.D. 
GREEK  LITERATURE.     By  Prof.  JEBB,  Litt.D. 
HOMER.     By  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 

A  HISTORY  OF  ENGLISH  LITERATURE  IN  FOUR  VOLUMES.    Or.  Svo. 
EARLY  ENGLISH  LITERATURE.  By  STOPFORD  BROOKE,  M.A.  [In preparation. 
ELIZABETHAN  LITERATURE.  (1560-1665.)  By  GEORGE  SAINTSBURY.    7s.  6d. 
EIGHTEENTH  CENTURY  LITERATURE.    (1660-1780.)    By  EDMUND  GOSSE, 

M.A.     7s.  6d. 

THE  MODERN  PERIOD.     By  Prof.  DOWDEN.  [In  preparation. 

•MACMILLAN'S  READING  BOOKS. 


PRIMER.     ISmo.     48pp.     2d. 
BOOK  I.  for  Standard  I.    96  pp.    4d. 
BOOK  II.  for  Standard  II.  144pp.  5d. 
BOOK   III.  for   Standard   III.     160 
pp.     6d. 


BOOK  IV.  for  Standard  IV.     176  pp. 

8d. 

BOOK  V.  for  Standard  V.    380  pp.    Is. 
BOOK  VI.  for  Standard  VI.     Cr.  Svo. 

430  pp.     2s. 


Book  VI.  is  fitted  for  Higher  Classes,  and  as  an  Introduction  to  English  Literature. 
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*MACMILLAN'S  COPY  BOOKS.— 1.  Large  Post  4to.  Price  4d.  each.  2.  Post 
Oblong.  Price  2d.  each. 

1.  INITIATORY  EXERCISES  AND  SHORT  LETTERS. 

2.  WORDS  CONSISTING  OF  SHORT  LETTERS. 

3.  LONG  LETTERS.    With  Words  containing  Long  Letters — Figures. 

4.  WORDS  CONTAINING  LONG  LETTERS. 

4a.  PRACTISING  AND  REVISING  COPY-BOOK.    For  Nos.  1  to  4. 

5.  CAPITALS  AND  SHORT  HALF-TEXT.    Words  beginning  with  a  Capital. 

6.  HALF-TEXT  WORDS  beginning  with  Capitals — Figures. 

7.  SMALL-HAND  AND  HALF-TEXT.    With  Capitals  and  Figures. 

8.  SMALL-HAND  AND  HALF-TEXT.    With  Capitals  and  Figures. 
8a.  PRACTISING  AND  REVISING  COPY-BOOK.    For  Nos.  5  to  8. 

9.  SMALL-HAND  SINGLE  HEADLINES — Figures. 

10.  SMALL-HAND  SINGLE  HEADLINES — Figures. 

11.  SMALL-HAND  DOUBLE  HEADLINES — Figures. 

12.  COMMERCIAL  AND  ARITHMETICAL  EXAMPLES,  &c. 

12a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos.  8  to  12. 
Nos.  3,  4,  5,  6,  7,  8,  9  may  be  had  with  Goodman's  Patent  Sliding  Copies,     Large 
Post  4to.     Price  6d.  each. 

MARTIN.— *THE  POET'S  HOUR  :  Poetry  selected  and  arranged  for  Children.    By 

FRANCES  MARTIN.    18mo.    2s.  6d. 
'SPRING-TIME  WITH  THE  POETS.     By  the  same.    18mo.    3s.  6d. 

*MILTON.— PARADISE  LOST.  Books  I.  and  II.  With  Introduction  and  Notes, 
by  MICHAEL  MACMILLAN,  B.A.,  Professor  of  Logic  and  Moral  Philosophy, 
Elphinstone  College,  Bombay.  Gl.  8vo.  Is.  9d. ;  sewed,  Is.  6d.  Or  separately, 
Is.  3d. ;  sewed,  Is.  each. 

*L' ALLEGRO,  IL  PENSEROSO,  LYCIDAS,  ARCADES,  SONNETS,  &c.  With 
Introduction  and  Notes,  by  W.  BELL,  M.A.,  Professor  of  Philosophy  and 
Logic,  Government  College,  Lahore.  Gl.  8vo.  Is.  9d. ;  sewed,  Is.  6d. 

*COMUS.    By  the  same.    Gl.  8vo.    Is.  3d. ;  sewed,  Is. 

*SAMSON  AGONISTES.  By  H.  M.  PERCIVAL,  M.A.,  Professor  of  English  Liter- 
ature, Presidency  College,  Calcutta.  Gl.  8vo.  2s. ;  sewed,  Is.  9d. 

*INTRODUCTION  TO  THE  STUDY  OF  MILTON.  By  STOPFORD  BROOKE, 
M.A.  Fcap.  8vo.  Is.  6d.  (Classical  Writers.) 

MORRIS.— Works  by  the  Rev.  R.  MORRIS,  LL.D. 
*PRIMER  OF  ENGLISH  GRAMMAR.     18mo.     Is. 

"ELEMENTARY  LESSONS  IN  HISTORICAL  ENGLISH  GRAMMAR,  con- 
taining Accidence  and  Word-Formation.  ISmo.  2s.  6d. 

"HISTORICAL  OUTLINES  OF  ENGLISH  ACCIDENCE,  comprising  Chapters 
on  the  History  and  Development  of  the  Language,  and  on  Word- Formation. 
Ex.  fcap.  8vo.  6s. 

NICHOL  and  M'CORMICK.— A  SHORT  HISTORY  OF  ENGLISH  LITERA- 
TURE. By  Prof.  JOHN  NICHOL  and  Prof.  W.  S.  M'CORMICK.  [In  preparation. 

OLLPHANT.— THE  OLD  AND  MIDDLE  ENGLISH.  By  T.  L.  KINGTON 
OLIPHANT.  New  Ed.,  revised  and  enlarged,  of  "The  Sources  of  Standard 
English."  2nd  Ed.  Gl.  8vo.  9s. 

THE  NEW  ENGLISH.     By  the  same.    2  vols.     Cr.  Svo.     21s. 

*PALGRAVE.  —  THE  CHILDREN'S  TREASURY  OF  LYRICAL  POETRY. 
Selected  and  arranged,  with  Notes,  by  FRANCIS  T.  PALGRAVE.  18mo.  2s.  6d. 
Also  in  Two  Parts.  Is.  each. 

PATMORE.  — THE  CHILDREN'S  GARLAND  FROM  THE  BEST  POETS. 
Selected  and  arranged  by  COVENTRY  PATMORE.  Gl.  Svo.  2s.  (Globe  Readings 
from  Standard  Authors.) 

PLUTARCH. — Being  a  Selection  from  the  Lives  which  illustrate  Shakespeare. 
North's  Translation.  Edited,  with  Introductions,  Notes,  Index  of  Names, 
and  Glossarial  Index,  by  Prof.  W.  W.  SKEAT,  Litt.D.  Cr.  8vo.  6s. 
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*RANSOME.—  SHORT  STUDIES  OP  SHAKESPEARE'S  PLOTS.  By  CYRIL 
RANSOME,  Professor  of  Modern  History  and  Literature,  Yorkshire  College, 
Leeds.  Cr.  8vo.  3s.  6d. 

*RYLAND.  — CHRONOLOGICAL  OUTLINES  OF  ENGLISH  LITERATURE. 
By  F.  RYLAND,  M.A.  Cr.  8vo.  6s. 

SAINTSBURY.— A  HISTORY  OF  ELIZABETHAN  LITERATURE.  1560-1665. 
By  GEORGE  SAINTSBURY.  Cr.  8vo.  7s.  6d. 

SCOTT.— *LAY  OF  THE  LAST  MINSTREL,  and  THE  LADY  OF  THE  LAKE. 

Edited,  with  Introduction  and  Notes,  by  FRANCIS  TURNER  PALGRAVE.    Gl.  Svo. 

Is.    (Globe  Readings  from  Standard  Authors.) 
*THE  LAY  OF  THE  LAST  MINSTREL.    With  Introduction  and  Notes,  by 

G.  H.  STUART,  M.A.,  and  E.  H.  ELLIOT,  B.A.     Gl.  Svo.     2s. ;  sewed,  Is.  9d. 

Introduction  and  Canto  I.    9d.  sewed.    Cantos  I.  to  III.    Is.  3d. ;  sewed,  Is. 

Cantos  IV.  to  VI.    Is.  3d. ;  sewed,  Is. 
*MARMION,  and  THE  LORD  OF  THE  ISLES.    By  F.  T.  PALGRAVE.     Gl.  Svo. 

Is.    (Globe  Readings  from  Standard  Authors.) 
*MARMION.     With   Introduction   and  Notes,  by  MICHAEL  MACMILLAN,  B.A. 

Gl.  Svo.    3s. ;  sewed,  2s.  6d. 
*THE  LADY  OF  THE  LAKE.      By  G.  H.  STUART,  M.A.      Gl.  Svo.     2s.  6d. ; 

sewed,  2s. 
*ROKEBY.     With   Introduction   and   Notes,  by  MICHAEL   MACMILLAN,  B.A. 

Gl.  Svo.    3s. ;  sewed,  2s.  6d. 

SHAKESPEARE.— *  A  SHAKESPEARIAN  GRAMMAR.  By  Rev.  E.  A.  ABBOTT, 
D.D.  Gl.  Svo.  6s. 

A  SHAKESPEARE  MANUAL.     By  F.  G.  FLEAY,  M.A.     2d  Ed.     Ex.  fcap.  Svo. 

4s.  6d. 
*A  PRIMER  OF  SHAKESPERE.     By  Prof.  DOWDEN.     18mo.    Is. 

*SHORT  STUDIES  OF  SHAKESPEARE'S  PLOTS.     By  CYRIL  RANSOME,  M.A. 
Cr.  Svo.    3s.  6d. 

*THE  TEMPEST.    With  Introduction  and  Notes,  by  K.  DEIGHTON,  late  Principal 

of  Agra  College.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
*MUCH  ADO  ABOUT  NOTHING.     By  the  same.     Gl.  Svo.     Is.  9d. ;  sewed, 

Is.  6d. 
*A  MIDSUMMER  NIGHT'S  DREAM.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed, 

Is.  6d. 

*THE  MERCHANT  OF  VENICE.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
*AS  YOU  LIKE  IT.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
^TWELFTH  NIGHT.    By  the  same.     Gl.  Svo.     Is.  9d. ;  sewed,  Is.  6d. 
*THE  WINTER'S  TALE.    By  the  same.    Gl.  Svo.    2s. ;  sewed,  Is.  9d. 
*KING  JOHN.     By  the  same.    Gl.  Svo.     Is.  9d. ;  sewed,  Is.  6d. 
*RICHARD  II.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
*HENRY  V.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
*RICHARD  III.     By  C.  H.  TAWNEY,  M.A.,  Principal  and  Professor  of  English 

Literature,  Presidency  College,  Calcutta.    Gl.  Svo.    2s.  6d. ;  sewed,  2s. 
•CORIOLANUS.    By  K.  DEIGHTON.   Gl.  Svo.   2s.  6d. ;  sewed,  2s. 
*JULIUS  CuESAR.    By  the  same.     Gl.  Svo.     Is.  9d. ;  sewed,  Is.  6d 
*MACBETH.    By  the  same.    Gl.  Svo.    Is.  9d. ;  sewed,  Is.  6d. 
*HAMLET.     By  the  same.     Gl.  Svo.     2s.  6d. ;  sewed,  2s. 
*KING  LEAR.     By  the  same.     Gl.  Svo.     Is.  9d. ;  sewed,  Is.  6d. 
*OTHELLO.    By  the  same.     Gl.  Svo.     2s.  ;  sewed,  Is.  9d. 
*ANTONY  AND  CLEOPATRA.     By  the  same.     Gl.  Svo.    2s.  Cd. ;  sewed,  2s. 
*CYMBELINE.     By  the  same.     Gl.  Svo.     2s.  6d. ;  sewed,  2s. 

"SONNENSCHEIN  and  MEIKLE  JOHN.  —  THE  ENGLISH  METHOD  OF 
TEACHING  TO  READ.  By  A.  SONNENSCHEIN  and  J.  M.  D.  MEIKLEJOHN, 
M.A.  Fcap.  Svo. 

THE  NURSERY  BOOK,  containing  all  the   Two -Letter  Words   in  the   Lan- 
guage.   Id.    (Also  in  Large  Type  on  Sheets  for  School  Walls.    5s.) 
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THE  FIRST  COURSE,  consisting  of  Short  Vowels  with  Single  Consonants.    7d. 
THE  SECOND  COURSE,  with  Combinations  and  Bridges,  consisting  of  Short 

Vowels  with  Double  Consonants.     7d. 
THE  THIRD  AND  FOURTH  COURSES,  consisting  of  Long  Vowels,  and  all 

the  Double  Vowels  in  the  Language.     7d. 
*SOUTHEY.— LIFE  OF  NELSON.     With  Introduction  and  Notes,  by  MICHAEL 

MACMILLAN,  B.A.     Gl.  8vo.     3s.  ;  sewed,  2s.  6d. 

SPENSER. -FAIRY  QUEEN.    BOOK  I.    With  Introduction  and  Notes,  by  H.  M. 

PERCIVAL,  M.A.  [in  the  Press. 

TAYLOR.— WORDS  AND  PLACES ;  or,  Etymological  Illustrations  of  History, 

Ethnology,  and  Geography.      By  Rev.  ISAAC  TAYLOR,  Litt.D.     With  Maps. 

Gl.  8vo.     6s. 

TENNYSON.— THE  COLLECTED  WORKS  OF  LORD  TENNYSON.    An  Edition 

for  Schools.     In  Four  Parts.     Cr.  8vo.     2s.  6d.  each. 

TENNYSON  FOR  THE  YOUNG.     Edited,  with  Notes  for  the  Use  of  Schools, 
by  the  Rev.  ALFRED  AINGER,  LL.D.,  Canon  of  Bristol.    ISmo.     Is.  net. 

[In  the  Press. 

'SELECTIONS  FROM  TENNYSON.     With  Introduction  and  Notes,  by  F.  J. 
ROWE,  M.A.,  and  W.  T.  WEBB,  M.A.     Gl.  8vo.    3s.  6d. 

This  selection  contains  :— Recollections  of  the  Arabian  Nights,  The  Lady  of 
Shalott,  (Enone,  The  Lotos  Eaters,  Ulysses,  Tithonus,  Morte  d' Arthur,  Sir 
Galahad,  Dora,  Ode  on  the  Death  of  the  Duke  of  Wellington,  and  The  Revenge. 
*ENOCH  ARDEN.     By  W.  T.  WEBB,  M.A.     Gl.  8vo.     2s. 

AYLMER'S  FIELD.     By  W.  T.  WEBB,  M.A.  [In  the  Press. 

THE  PRINCESS  ;  A  MEDLEY.     By  P.  M.  WALLACE,  B.A.  [In  the  Press. 

*THE  COMING  OF  ARTHUR,  AND  THE  PASSING  OF  ARTHUR.     By  F.  J. 

ROWE,  M.A.     Gl.  8vo.     2s. 
THRING.— THE  ELEMENTS  OF  GRAMMAR  TAUGHT   IN  ENGLISH.      By 

EDWARD  THRING,  M.A.     With  Questions.    4th  Ed.     18mo.    2s. 
*VAUGHAN.—  WORDS  FROM  THE  POETS.    By  C.  M.  VATJGHAN.    18mo.    Is. 
WARD.— THE  ENGLISH  POETS.     Selections,  with   Critical  Introductions  by 
various  Writers  and  a  General  Introduction  by  MATTHEW  ARNOLD.    Edited 
by  T.  H.  WARD,  M.A.     4  Vols.    Vol.  I.  CHAUCER  TO  DONNE.— Vol.  II.  BEN 
JONSON  TO  DRYDEN.— Vol.  III.  ADDISON  TO  BLAKE.— Vol.  IV.  WORDSWORTH 
TO  ROSSETTI.     2d  Ed.     Cr.  Svo.     7s.  6d.  each. 

*WETHERELL.—  EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH  GRAM- 
MAR.     By  JOHN  WETHKRELL,  M.A.,  Headmaster  of  Towcester  Grammar 
School.     ISmo.     Is. 
WOODS.— *A  FIRST  POETRY  BOOK.    By  M.  A.  WOODS,  Head  Mistress  of  the 

Clifton  High  School  for  Girls.     Fcap.  Svo.     2s.  6d. 

*A  SECOND  POETRY  BOOK.     By  the  same.     In  Two  Parts.     2s.  6d.  each. 
*A  THIRD  POETRY  BOOK.     By  the  same.    4s.  6d. 
HYMNS  FOR  SCHOOL  WORSHIP.     By  the  same.     18mo.     Is.  6d. 
WORDSWORTH.— SELECTIONS.    With  Introduction  and  Notes,  by  F.  J.  ROWE, 
M.A.,  and  W.  T.  WEBB,  M.A.     Gl.  Svo.  [In  preparation. 

YONGE.— *A  BOOK  OF  GOLDEN  DEEDS.   By  CHARLOTTE  M.  YONGE.  Gl.Svo.   2s. 
*THE  ABRIDGED  BOOK  OF  GOLDEN  DEEDS.     ISmo.    Is. 

FBENCH. 

BEAUMARCHAIS.— LE   BARBIER    DE    SEVILLE.      With    Introduction    and 

Notes.    By  L.  P.  BLOUET.     Fcap.  Svo.    3s.  6d. 
*BOWEN.  -FIRST  LESSONS  IN  FRENCH.     By  H.  COURTHOPB  BOWEN,  M.A. 

Ex.  fcap.  8vo.     Is. 
BREYMANN.— Works  by  HERMANN  BREYMANN,  Ph.D.,  Professor  of  Philology  in 

the  University  of  Munich. 

FIRST  FRENCH  EXERCISE  BOOK.     Ex.  fcap.  Svo.     4s.  6d. 
SECOND  FRENCH  EXERCISE  BOOK.     Ex.  fcap.  Svo.     2s.  6d. 
FASNACHT.— Works  by  G.  E.  FASNACHT,  late  Assistant  Master  at  Westminster. 
THE  ORGANIC  METHOD  OF  STUDYING  LANGUAGES.     Ex.  fcap.  Svo.     1. 
French.     3s.  6d. 
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A  SYNTHETIC  FRENCH  GRAMMAR  FOR  SCHOOLS.    Cr.  8vo.     3s.  6d. 

GRAMMAR    AND   GLOSSARY  OF  THE   FRENCH   LANGUAGE   OF    THE 
SEVENTEENTH  CENTURY.    Cr.  Svo.  [In  preparation. 

MACMILLAN'S  PRIMARY  SERIES  OF  FRENCH  READING  BOOKS.— Edited  by 
G.  E.  FASNACHT.  With  Illustrations,  Notes,  Vocabularies,  and  Exercises. 
Gl.  Svo. 

*FRENCH  READINGS  FOR  CHILDREN.     By  G.  E.  FASNACHT.     Is.  6d. 

*CORNAZ— NOS  ENFANTS  ET  LEURS  AMIS.     By  EDITH  HARVEY.    Is.  6d. 

*DE  MAISTRE— LA  JEUNE  SIBERIENNE  ET  LE  LEPREUX  DE  LA  CITE 
D'AOSTE.    By  STEPHANE  BARLET,  B.Sc.  etc.    Is.  6d. 

*FLORIAN— FABLES.    By  Rev.  CHARLES  YELD,  M.  A. ,  Headmaster  of  University 

School,  Nottingham.    Is.  6d. 
*LA  FONTAINE— A  SELECTION  OF  FABLES.     By  L.  M.  MORIARTY,  B.A., 

Assistant  Master  at  Harrow.    2s.  6d. 
*MOLESWORTH— FRENCH    LIFE    IN  LETTERS.      By  Mrs.    MOLESWORTH. 

Is.  6d. 

*PERRAULT— CONTES  DE  FEES.     By  G.  E.  FASNACHT.     Is.  6d. 
MACMILLAN'S  PROGRESSIVE  FRENCH  COURSE.— By  G.  E.  FASNACHT.     Ex. 

fcap.  Svo. 

*FIRST  YEAR,  containing  Easy  Lessons  on  the  Regular  Accidence.    Is. 
*SECOND  YEAR,   containing  an  Elementary  Grammar  with  copious  Exercises, 

Notes,  and  Vocabularies.    2s. 
*THIRD  YEAR,   containing  a  Systematic  Syntax,  and  Lessons  in  Composition. 

2s.  6d. 
THE  TEACHER'S  COMPANION  TO  MACMILLAN'S  PROGRESSIVE  FRENCH 

COURSE.     With  Copious  Notes,  Hints  for  Different  Renderings,  Synonyms, 

Philological  Remarks,  etc.    By  G.  E.  FASNACHT.    Ex.  fcap.  Svo.    Each  Year 

4s.  6d. 
'MACMILLAN'S  FRENCH  COMPOSITION.— By  G.  E.  FASNACHT.     Ex.   fcap. 

Svo.    Part  I.  Elementary.     2s.  6d.     Part  II.    Advanced.  [In  the  Press. 

THE  TEACHER'S  COMPANION  TO  MACMILLAN'S  COURSE  OF  FRENCH 
COMPOSITION.     By  G.  E.  FASNACHT.    Part  I.    Ex.  fcap.  Svo.    4s.  6d. 

MACMILLAN'S  PROGRESSIVE  FRENCH  READERS.    By  G.  E.  FASNACHT.    Ex. 

fcap.  Svo. 
*FIRST  YEAR,  containing  Tales,  Historical  Extracts,  Letters,  Dialogues,  Ballads, 

Nursery  Songs,  etc.,  with  Two  Vocabularies :  (1)  in  the  order  of  subjects ; 

(2)  in  alphabetical  order.     With  Imitative  Exercises.    2s.  6d. 
*SECOND  YEAR,  containing  Fiction  in  Prose  and  Verse,  Historical  and  Descriptive 

Extracts,  Essays,  Letters,  Dialogues,  etc.    With  Imitative  Exercises.    2s.  6d. 

MACMILLAN'S  FOREIGN  SCHOOL  CLASSICS.    Edited  by  G.  E.   FASNACHT. 

ISmo. 

*CORNEILLE— LE  CID.    By  G.  E.  FASNACHT.    Is. 
*DUMAS— LES  DEMOISELLES  DE  ST.  CYR.    By  VICTOR  OGER,  Lecturer  at 

University  College,  Liverpool.    Is.  6d. 
LA  FONTAINE'S  FABLES.      Books  I. -VI.      By  L.    M.    MORIARTY,    B.A., 

Assistant  Master  at  Harrow.  [In  preparation. 

*MOLIERE— L' AVARS.    By  the  same.    Is. 

*MOLIERE— LE  BOURGEOIS  GENTILHOMME.    By  the  same.     Is.  6d. 
*MOLIERE— LES  FEMMES  SAVANTES.    By  G.  E.  FASNACHT.     Is. 
*MOLIERE— LE  MISANTHROPE.    By  the  same.    Is. 
*MOLIERE— LE  MEDECIN  MALGRE  LUI.     By  the  same.     Is. 
*MOLIERE— LES  PRECIEUSES  RIDICULES.     By  the  same.    Is. 
*RACINE— BRITANNICUS.    By  E.  PELLISSIER,  M.A.    2s. 
*FRENCH  READINGS  FROM  ROMAN  HISTORY.      Selected    from  various 

Authors,  by  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow.    4s.  6d. 

*SAND,   GEORGE— LA  MARE  AU  DIABLE.      By    W.    E.    RUSSELL,  M.A., 
Assistant  Master  at  Haileybury.    Is. 
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*SANDEAU,   JULES— MADEMOISELLE    DE    LA  SEIGLIERE.      By   H.    0. 

STEEL,  Assistant  Master  at  Winchester.     Is.  6d. 
"VOLTAIRE— CHARLES  XII.     By  G.  E.  FASNACHT.    3s.  6d. 

*MASSON.— A  COMPENDIOUS  DICTIONARY  OF  THE  FRENCH  LANGUAGE. 
Adapted  from  the  Dictionaries  of  Professor  A.  ELWALL.  By  GUSTAVE  MASSON. 
€r.  8vo.  3s.  6d. 

MOLIERE.— LE  MALADE  IMAGINAIRE.  With  Introduction  and  Notes,  by  F. 
TARVER,  M.A.,  Assistant  Master  at  Eton.  Fcap.  8vo.  2s.  6d. 

*PELLISSIER.— FRENCH  ROOTS  AND  THEIR  FAMILIES.  A  Synthetic 
Vocabulary,  based  upon  Derivations.  By  E.  PELLISSIER,  M.A.,  Assistant 
Master  at  Clifton  College.  Gl.  8vo.  6s. 

GERMAN. 

BEHAGEL.— THE  GERMAN  LANGUAGE.  By  Dr.  OTTO  BEHAGEL.  Translated 
by  EMIL  TRECHMANN,  B.A.,  Ph.D.,  Lecturer  in  Modern  Literature  in  the 
University  of  Sydney,  N.S.W.  Gl.  8vo.  [A early  Ready. 

HUSS.— A  SYSTEM  OF  ORAL  INSTRUCTION  IN  GERMAN,  by  means  of 
Progressive  Illustrations  and  Applications  of  the  leading  Rules  of  Grammar. 
By  H.  C.  O.  Huss,  Ph.D.  Cr.  8vo.  5s. 

MACMILLAN'S  PRIMARY  SERIES  OF  GERMAN  READING  BOOKS.  Edited 
by  G.  E.  FASNACHT.  With  Notes,  Vocabularies,  and  Exercises.  Gl.  8vo. 

*GRIMM— KINDER  UND  HAUSMARCHEN.    By  G.  E.  FASNACHT.     2s.  6d. 

*HAUFF— DIE  KARA  VANE.  By  HERMAN  HAGER,  Ph.D.,  Lecturer  in  the 
Owens  College,  Manchester.  3s. 

*SCHMID,  CHR.  VON— H.  VON  EICHENFELS.    By  G.  E.  FASNACHT.     2s.  6d. 

MACMILLAN'S  PROGRESSIVE  GERMAN  COURSE.    By  G.  E.  FASNACHT.    Ex. 

fcap.  8vo. 

*FIRST  YEAR.    Easy  lessons  and  Rules  on  the  Regular  Accidence.    Is.  6d. 
*SECOND  YEAR.     Conversational  Lessons  in  Systematic  Accidence  and  Elementary 

Syntax.     With   Philological    Illustrations    and    Etymological    Vocabulary. 

3s.  6d. 

'J!  TT  T  T>  T"V      A^'C1  A  "D  f  T'YJ       fflP       'P'VP^^ 

TEACHER'S  CpMPANION  TO  MACMILLAN'S  PROGRESSIVE  GERMAN 
COURSE.  With  copious  Notes,  Hints  for  Different  Renderings,  Synonyms, 
Philological  Remarks,  etc.  By  G.  E.  FASNACHT.  Ex.  fcap.  8vo.  FIRST  YEAR. 
4s.  6d.  SECOND  YEAR.  4s.  6d. 

MACMILLAN'S  GERMAN  COMPOSITION.     By  G.  E.  FASNACHT.    Ex.  fcap.  8vo. 
*I.  FIRST  COURSE.    Parallel  German-English  Extracts  and  Parallel  English- 
German  Syntax.    2s.  6d. 

TEACHER'S  COMPANION  TO  MACMILLAN'S  GERMAN  COMPOSITION. 
By  G.  E.  FASNACHT.  FIRST  COURSE.  Gl.  8vo.  4s.  6d. 

MACMILLAN'S  PROGRESSIVE  GERMAN  READERS.    By  G.  E.  FASNACHT.   Ex. 

fcap.  8vo. 

*FIRST  YEAR,  containing  an  Introduction  to  the  German  order  of  Words,  with 
Copious  Examples,  extracts  from  German  Authors  in  Prose  and  Poetry ;  Notes, 
and  Vocabularies.  2s.  6d. 

MACMILLAN'S  FOREIGN  SCHOOL  CLASSICS.— Edited  by  G.  E.  FASNACHT.  18mo. 

FREYTAG  (G.)— DOKTOR  LUTHER.    By  F.  STORR,  M.A.,  Headmaster  of  the 

Modern  Side,  Merchant  Taylors'  School.  [In  preparation. 

*GOETHE— GOTZ  VON  BERLICHINGEN.     By  H.  A.  BULL,  M.A.,  Assistant 

Master  at  Wellington.    2s. 

*GOETHE— FAUST.    PART  I.,  followed  by  an  Appendix  on  PART  II.    By  JANE 

LEE,  Lecturer  in  German  Literature  at  Newnham  College,  Cambridge.    4s.  6d. 

*HEINE— SELECTIONS  FROM  THE  REISEBILDER  AND  OTHER  PROSE 

WORKS.    By  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow.    2s.  6d. 
LESSING— MINNA  VON  BARNHELM.     By  JAMES  SIME,  M.  A.  [In  preparation. 
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"SCHILLER— SELECTIONS  FROM  SCHILLER'S  LYRICAL  POEMS.  With  a 
Memoir  of  Schiller.  By  E.  J.  TURNER,  B.A.,  and  E.  D.  A.  MORSHEAD,  M.A., 
Assistant  Masters  at  "Winchester.  2s.  6d. 

"SCHILLER— DIE  JUNGFRAU  VON  ORLEANS.  By  JOSEPH  GOSTWICK.  2s.  6d. 
*SCHILLER— MARIA  ST UART.    By  C.  SHELDON,  D. Litt. ,  of  the  Royal  Academ- 
ical Institution,  Belfast.     2s.  6d. 

"SCHILLER— WILHELM  TELL.    By  G.  E.  FASNACHT.     2s.  6d. 
*SCHILLER— WALLENSTEIN.     Part  I.  DAS  LAGER.     By  H.  B.  COTTERILL, 

M.A.    2s. 
*UHLAND— SELECT  BALLADS.    Adapted  as  a  First  Easy  Reading  Book  for 

Beginners.    With  Vocabulary.    By  G.  E.  FASNACHT.    Is. 

*PYLODET.—  NEW  GUIDE  TO  GERMAN  CONVERSATION ;  containing  an  Alpha- 
betical List  of  nearly  800  Familiar  Words  ;  followed  by  Exercises,  Vocabulary 
of  Words  in  frequent  use,  Familiar  Phrases  and  Dialogues,  a  Sketch  of  German 
Literature,  Idiomatic  Expressions,  etc.     By  L.  PYLODET.    18mo.     2s.  6d. 
SMITH.— COMMERCIAL  GERMAN.    By  F.  C.  SMITH,  M.A.  [In  the  Press. 

WHITNEY.— A  COMPENDIOUS  GERMAN  GRAMMAR.     By  W.  D.  WHITNEY, 
Professor  of  Sanskrit  and  Instructor  in  Modern  Languages  in  Yale  College. 
Cr.  8vo.    4s.  6d. 
A  GERMAN  READER  IN  PROSE  AND  VERSE.     By  the  same.    With  Notes 

and  Vocabulary.     Cr.  8vo.    5s. 

*WHITNEY   and    EDGREN.— A  COMPENDIOUS  GERMAN  AND  ENGLISH 
DICTIONARY,  with  Notation  of  Correspondences  and  Brief  Etymologies.    By 
Prof.  W.  D.  WHITNEY,  assisted  by  A.  H.  EDGREN.     Cr.  8vo.     7s.  6d. 
THE  GERMAN-ENGLISH  PART,  separately,  5s. 

MODEBN  GREEK. 

VINCENT  and  DICKSON.— HANDBOOK  TO  MODERN  GREEK.  By  Sir  EDGAR 
VINCENT,  K.C.M.G.,  and  T.  G.  DICKSON,  M.A.  With  Appendix  on  the  relation 
of  Modern  and  Classical  Greek  by  Prof.  JEBB.  Cr.  8vo.  6s. 

ITALIAN. 

DANTE.— THE  INFERNO  OF  DANTE.  With  Translation  and  Notes,  by  A.  J. 
BUTLER,  M.A.  Cr.  8vo.  [In,  the  Press. 

THE  PURGATORIO  OF  DANTE  With  Translations  and  Notes,  by  the  same. 
Cr.  8vo.  12s.  6d. 

THE  PARADISO  OF  DANTE.  With  Translation  and  Notes,  by  the  same. 
2d.  Ed.  Cr.  8vo.  12s.  6d. 

READINGS  ON  THE  PURGATORIO  OF  DANTE.  Chiefly  based  on  the  Com- 
mentary of  Benvenuto  Da  Imola.  By  the  Hon.  W.  WARREN  VERNON,  M.A. 
With  an  Introduction  by  the  Very  Rev.  the  DEAN  OF  ST.  PAUL'S.  2  vols. 
Cr.  8vo.  24s. 

SPANISH. 

CALDEROK— FOUR  PLAYS  OF  CALDERON.     With  Introduction  and  Notes. 

By  NORMAN  MACCOLL,  M.A.     Cr.  8vo.     14s. 

The  four  plays  here  given  are  El  Principe  Constante,  La  Vida  es  Sueno,  El  Alcalde 
de  Zalamea,  and  El  Escondido  y  La  Tapada. 
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MATHEMATICS. 

Arithmetic,  Book-keeping,  Algebra,  Euclid  and  Pure  Geometry,  Geometrical 
Drawing,  Mensuration,  Trigonometry,  Analytical  Geometry  (Plane  and 
Solid),  Problems  and  Questions  in  Mathematics,  Higher  Pure  Mathe- 
matics, Mechanics  (Statics,  Dynamics,  Hydrostatics,  Hydrodynamics :  see 
also  Physics),  Physics  (Sound,  Light,  Heat,  Electricity,  Elasticity,  Attrac- 
tions, &c.),  Astronomy,  Historical. 

ARITHMETIC. 

*  ALOIS.— THE  GREAT  GIANT  ARITHMOS.     A  most  Elementary  Arithmetic 

for  Children.     By  MARY  STEADMAN  ALDIS.     Illustrated.     Gl.  8vo.     2s.  6d. 
ARMY  PRELIMINARY  EXAMINATION,  SPECIMENS  OF  PAPERS  SET  AT 

THE,    1882-89.— With  Answers  to  the  Mathematical  Questions.     Subjects  : 

Arithmetic,    Algebra,    Euclid,    Geometrical    Drawing,    Geography,    French, 

English  Dictation.     Or.  8vo.    3s.  6d. 
*BRADSHAW.— A  COURSE  OF   EASY  ARITHMETICAL   EXAMPLES   FOR 

BEGINNERS.     By  J.  G.  BRADSHAW,  B.A.,  Assistant  Master  at  Clifton  College. 

Gl.  8vo.     2s.     With  Answers,  2s.  6d. 
*BROOKSMITH.— ARITHMETIC  IN  THEORY  AND  PRACTICE.    By  J.  BROOK- 

SMITH,  M.A.    Cr.  8vo.     4s.  6d.     KEY.     Crown  8vo.    10s.  6d. 

*BROOKSMITH.— ARITHMETIC  FOR  BEGINNERS.  By  J.  and  E.  J.  BROOK- 
SMITH.  Gl.  8vo.  Is.  6d. 

CANDLER.— HELP  TO  ARITHMETIC.  Designed  for  the  use  of  Schools.  By  H. 
CANDLER,  Mathematical  Master  of  Uppingham  School.  2d  Ed.  Ex.  fcap.  8vo. 
2s.  6d. 

*DALTON.— RULES  AND  EXAMPLES  IN  ARITHMETIC.  By  the  Rev.  T.  DAL- 
TON,  M.A.,  Senior  Mathematical  Master  at  Eton.  New  Ed.,  with  Answers. 
18mo.  2s.  6d. 

*GOYEN.— HIGHER  ARITHMETIC  AND  ELEMENTARY  MENSURATION. 
By  P.  GOYEN,  Inspector  of  Schools,  Dunedin,  New  Zealand.  Cr.  8vo.  5s. 

*HALL  and  KNIGHT.— ARITHMETICAL  EXERCISES  AND  EXAMINATION 
PAPERS.  With  an  Appendix  containing  Questions  in  LOGARITHMS  and 
MENSURATION.  By  H.  S.  HALL,  M.A.,  Master  of  the  Military  and  Engineering 
Side,  Clifton  College,  and  S.  R.  KNIGHT,  B.A.  Gl.  8vo.  2s.  6d. 

LOCK.— Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow  and  Bursar  of  Gonville 

and  Caius  College,  Cambridge. 

*ARITHMETIC  FOR  SCHOOLS.  With  Answers  and  1000  additional  Examples 
for  Exercise.  3d  Ed.,  revised.  Gl.  8vo.  4s.  6d.  Or,  Part  I.  2s.  Part  II.  3s. 
KEY.  Cr.  8vo.  10s.  6d. 

"ARITHMETIC  FOR  BEGINNERS.  A  School  Clasg-Book  of  Commercial  Arith- 
metic. Gl.  8vo.  2s.  6d.  KEY.  Cr.  8vo.  8s.  6d. 

*A  SHILLING  BOOK  OF  ARITHMETIC,  FOR  ELEMENTARY  SCHOOLS. 

18mo.    Is.    With  Answers.    Is.  6d. 
^PEDLEY.— EXERCISES  IN  ARITHMETIC  for  the  Use  of  Schools.    Containing 

more  than  7000  original  Examples.    By  SAMUEL  PEDLEY.     Cr.  8vo.    5s. 
Also  in  Two  Parts,  2s.  6d.  each. 

SMITH. — Works  by  Rev.  BARNARD  SMITH,  M.A.,  late  Fellow  and  Senior  Bursar  of 

St.  Peter's  College,  Cambridge. 

ARITHMETIC    AND   ALGEBRA,  in  their  Principles  and  Application;  with 
numerous  systematically  arranged  Examples  taken  from  the  Cambridge  Exam- 
ination Papers,  with  especial  reference  to  the  Ordinary  Examination  for  the 
B.A.  Degree.    New  Ed.,  carefully  revised.    Cr.  Svo.     10s.  6d. 
^ARITHMETIC  FOR  SCHOOLS.     Cr.  Svo.    4s.  6d.      KEY.    Cr.  Svo.    8s.  6d. 
New  Edition.    Revised  by  Prof  W.  H.  HUDSON.  [In  preparation. 
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EXEECISBS  IN  AKITHMETIC.  Cr.  8vo.  2s.  With  Answers,  2s.  6d.  An- 
swers separately,  6d. 

SCHOOL  CLASS-BOOK  OF  AKITHMETIC.  18mo.  3s.  Or  separately,  in 
Three  Parts,  Is.  each.  KEYS.  Parts  I.,  II.,  and  III.,  2s.  6d.  each. 

SHILLING  BOOK  OF  ARITHMETIC.  18mo.  Or  separately,  Part  I.,  2d.  ; 
Part  II.,  3d. ;  Part  III.,  7d.  Answers,  6d.  KEY.  18mo.  4s.  6d. 

*THE  SAME,  with  Answers.    18mo,  cloth.     Is.  6d. 

EXAMINATION  PAPERS  IN  ARITHMETIC.  ISmo.  Is.  6d.  The  Same, 
with  Answers.  ISmo.  2s.  Answers,  6d.  KEY.  18mo.  4s.  6d. 

THE  METRIC  SYSTEM  OF  ARITHMETIC,  ITS  PRINCIPLES  AND  APPLI- 
CATIONS, with  Numerous  Examples.  18mo.  3d. 

A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet,  size  42  in.  by  34  in.  on 
Roller.  3s.  6d.  Also  a  Small  Chart  on  a  Card.  Price  Id. 

EASY  LESSONS  IN  ARITHMETIC,  combining  Exercises  in  Reading,  Writing, 

Spelling,  and  Dictation.     Part  I.    Cr.  8vo.    9d. 

EXAMINATION  CARDS  IN  ARITHMETIC.    With  Answers  and  Hints. 
Standards  I.  and  II.,  in  box,  Is.    Standards  III.,  IV.,  and  V.,  in  boxes,  Is.  each. 

Standard  VI.  in  Two  Parts,  in  boxes,  Is.  each. 

A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to  prevent  copying, 
and  the  colours  of  the  A  and  B  papers  differ  in  each  Standard,  and  from  those  of 
every  other  Standard,  so  that  a  master  or  mistress  can  see  at  a  glance  whether  the 
children  have  the  proper  papers. 

BOOK-KEEPING-. 

*THORNTON.—  FIRST  LESSONS  IN  BOOK-KEEPING.    By  J.  THORNTON.     Cr. 
8vo.     2s.  6d.     KEY.     Oblong  4to.     10s.  6d. 

*PRIMER  OF  BOOK-KEEPING.     18mo.     Is.     KEY.     Demy  8vo.     2s.  6d. 

ALGEBRA. 

*DALTON.— RULES  AND  EXAMPLES  IN  ALGEBRA.     By  Rev.  T.  DALTON, 
Senior  Mathematical  Master  at  Eton.     Part  I.     18mo.    2s.     KEY.     Cr.  8vo. 
7s.  6d.     Part  II.     18mo.    2s.  6d. 
HALL  and  KNIGHT.— Works  by  H.  S.  HALL,  M.A.,  Master  of  the  Military  and 

Engineering  Side,  Clifton  College,  and  S.  R.  KNIGHT,  B.A. 

'ELEMENTARY  ALGEBRA  FOR  SCHOOLS.  6th  Ed.,  revised  and  corrected. 
Gl.  8vo,  bound  in  maroon  coloured  cloth,  3s.  6d.  ;  with  Answers,  bound  in 
green  coloured  cloth,  4s.  6d.  KEY.  8s.  6d. 

•ALGEBRAICAL  EXERCISES  AND  EXAMINATION  PAPERS.     To  accom- 
pany ELEMENTARY  ALGEBRA.     2d  Ed.,  revised.     Gl.  Svo.    2s.  6d. 
*HIGHER  ALGEBRA.     3d  Ed.    Cr.  Svo.    7s.  6d.      KEY.     Cr.  Svo.    10s.  6d. 
*JONES    and    CHEYNE.— ALGEBRAICAL   EXERCISES.       Progressively  Ar- 
ranged.    By  Rev.  0.  A.  JONES  and  C.  H.  CHEYNE,  M.A.,  late  Mathematical 
Masters  at  Westminster  School.    18mo.     2s.  6d. 

KEY.  By  Rev.  W.  FAILES,  M.A.,  Mathematical  Master  at  Westminster  School. 
Cr.  Svo.  7s.  6d. 

SMITH.— ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  Application ; 
with  numerous  systematically  arranged  Examples  taken  from  the  Cambridge 
Examination  Papers,  with  especial  reference  to  the  Ordinary  Examination  for 
the  B.A.  Degree.  By  Rev.  BARNARD  SMITH,  M.A.  New  Edition,  carefully 
revised.  Cr.  Svo.  10s.  6d. 
SMITH.— Works  by  CHARLES  SMITH,  M.A.,  Master  of  Sidney  Sussex  College, 

Cambridge. 
^ELEMENTARY  ALGEBRA.     2d  Ed.,  revised.     Gl.  Svo.    4s.  6d.     KEY.     By  A. 

G.  CRACKNELL,  B.A.     Cr.  Svo.     10.  6d. 

*A  TREATISE  ON  ALGEBRA.    2d  Ed.  Cr.  Svo.    7s.  6d.     KEY.    Cr.  Svo.    10s.  6d. 
TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 
*ALGEBRA  FOR  BEGINNERS.     ISmo.     2s.  6d.     KEY.     Cr.  Svo.     6s.  Gd. 
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*ALGEBRA  FOR  COLLEGES  AND  SCHOOLS.     By  ISAAC  TODHUNTER,  F.  R.S. 
Cr.  8vo.     7s.  6d.     KEY.     Cr.  8vo.     10s.  6d. 

EUCLID  AND  PURE  GEOMETRY. 

COCKSHOTT  and  WALTERS.— A  TREATISE  ON  GEOMETRICAL  CONICS. 
In  accordance  with  the  Syllabus  of  the  Association  for  the  Improvement  of 
Geometrical  Teaching.  By  A.  COCKSHOTT,  M.A.,  Assistant  Master  at  Eton, 
and  Rev.  F.  B.  WALTERS,  M.A.,  Principal  of  King  William's  College,  Isle  of 
Man.  Cr.  8vo.  5s. 

CONSTABLE.— GEOMETRICAL  EXERCISES  FOR  BEGINNERS.  By  SAMUEL 
CONSTABLE.  Cr.  8vo.  3s.  6d. 

CUTHBERTSON.— EUCLIDIAN  GEOMETRY.  By  FRANCIS  CUTHBERTSON,  M.A., 
LL.D.  Ex.  fcap.  8vo.  4s.  6d. 

DAY.— PROPERTIES  OF  CONIC  SECTIONS  PROVED  GEOMETRICALLY. 
By  Rev.  H.  G.  DAY,  M.A.  Part  I.  The  Ellipse,  with  an  ample  collection  of 
Problems.  Cr.  8vo.  3s.  6d. 

*DEAKIN.— RIDER  PAPERS  ON  EUCLID.  BOOKS  I.  AND  II.  By  RUPERT 
DEAKIN,  M.A.  ISmo.  Is. 

DODGSON. — Works  by  CHARLES  L.  DODGSON,  M.  A.,  Student  and  late  Mathematical 

Lecturer,  Christ  Church,  Oxford. 

EUCLID,  BOOKS  I.  AND  II.     6th  Ed.,  with  words  substituted  for  the  Alge- 
braical Symbols  used  in  the  1st  Ed.    Cr.  8vo.    2s. 
EUCLID  AND  HIS  MODERN  RIVALS.    2d  Ed.    Cr.  8vo.     6s. 
CURIOSA  MATHEMATICA.     Part  I.     A  New  Theory  of  Parallels.     3d  Ed. 
Cr.  8vo.     2s. 

DREW.— GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS.  By  W.  H. 
DREW,  M.A.  New  Ed.,  enlarged.  Cr.  8vo.  5s. 

DUPUIS.— ELEMENTARY  SYNTHETIC  GEOMETRY  OF  THE  POINT,  LINE 
AND  CIRCLE  IN  THE  PLANE.  By  N.  F.  DUPUIS,  M.A.,  Professor  of  Pure 
Mathematics  in  the  University  of  Queen's  College,  Kingston,  Canada.  Gl.  8vo. 
4s.  6d. 

*HALL  and  STEVENS.— A  TEXT- BOOK  OF  EUCLID'S  ELEMENTS.  In- 
cluding Alternative  Proofs,  together  with  additional  Theorems  and  Exercises, 
classified  and  arranged.  By  H.  S.  HALL,  M.A.,  and  F.  H.  STEVENS,  M.A., 
Masters  of  the  Military  and  Engineering  Side,  Clifton  College.  Gl.  8vo.  Book 
I.,  Is.;  Books  I.  and  II.,  Is.  6d.;  Books  I.-IV.,  3s.;  Books  III.-IV.,  2s. ;  Books 
III.-VL,  3s.;  Books  V.-VI.  and  XL,  2s.  6d.;  Books  I.-VI.  and  XL,  4s.  6d.;  Book 
XL,  Is.  [KEY.  In  preparation. 

HALSTED.— THE  ELEMENTS  OF  GEOMETRY.  By  G.  B.  HALSTED,  Professor 
of  Pure  and  Applied  Mathematics  in  the  University  of  Texas.  8vo.  12s.  6d. 

HAYWARD.— THE  ELEMENTS  OF  SOLID  GEOMETRY.  By  R.  B.  HAYWARD, 
M.A.,  F.R.S.  Gl.  8vo.  3s. 

LOCK.— EUCLID  FOR  BEGINNERS.  Being  an  Introduction  to  existing  Text- 
Books.  By  Rev.  J.  B.  LOCK,  M.A.  [In  the  Press. 

MILNE  and  DAVIS.— GEOMETRICAL  CONICS.  Part  I.  The  Parabola.  By 
Rev.  J.  J.  MILNE,  M.A.,  and  R.  F.  DAVIS,  M.A.  Cr.  8vo.  2s. 

*RICHARDSON.— THE  PROGRESSIVE  EUCLID.  Books  I.  and  II.  With  Notes, 
Exercises,  and  Deductions.  Edited  by  A.  T.  RICHARDSON,  M.A.,  Senior  Mathe- 
matical Master  at  the  Isle  of  Wight  College.  Gl.  8vo.  2s.  6d. 

SYLLABUS  OP  PLANE  GEOMETRY  (corresponding  to  Euclid,  Books  I.-VI.)— 
Prepared  by  the  Association  for  the  Improvement  of  Geometrical  Teaching. 
Cr.  8vo.  Sewed,  Is. 

SYLLABUS  OF  MODERN  PLANE  GEOMETRY.— Prepared  by  the  Association 
for  the  Improvement  of  Geometrical  Teaching.  Cr.  8vo.  Sewed.  Is. 

*TODHUNTER.—  THE  ELEMENTS  OF  EUCLID.  By  I.  TODHUNTER,  F.R.S. 
ISmo.  3s.  6d.  *Books  I.  and  II.  Is.  KEY.  Cr.  8vo.  6s.  6d. 

WILSON. — Works  by  Ven.  Archdeacon  WILSON,  M.A.,  formerly  Headmaster  of 

Clifton  College. 

ELEMENTARY  GEOMETRY.  BOOKS  I.-V.  Containing  the  Subjects  of 
Euclid's  first  Six  Books.  Following  the  Syllabus  of  the  Geometrical  Associa- 
tion. Ex.  fcap.  8vo.  4s.  6d. 
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WILSON.— Works  by  Ven.  Archdeacon  WILSON— continued. 
SOLID  GEOMETRY  AND  CONIC  SECTIONS.     With  Appendices  on  Trans- 
versals and  Harmonic  Division.    Ex.  fcap.  8vo.    3s.  6d. 

GEOMETRICAL  DBA  WING. 

EAGLES.— CONSTRUCTIVE  GEOMETRY  OP  PLANE  CURVES.   By  T.  H. 

EAGLES,  M.A.,  Instructor  in  Geometrical  Drawing  and  Lecturer  in  Architecture 
at  the  Royal  Indian  Engineering  College,  Cooper's  Hill.     Cr.  8vo.     12s. 

EDGAR  and  PRITCHARD.  —  NOTE  -  BOOK  ON  PRACTICAL  SOLID  OR 
DESCRIPTIVE  GEOMETRY.  Containing  Problems  with  help  for  Solutions. 
By  J.  H.  EDGAR  and  G.  S.  PBITCHARD.  4th  Ed.,  revised  by  A.  MEEZE.  Gl. 
8vo.  4s.  6d. 

'KITCHENER.— A  GEOMETRICAL  NOTE-BOOK.  Containing  Easy  Problems  in 
Geometrical  Drawing  preparatory  to  the  Study  of  Geometry.  For  the  Use  of 
Schools.  By  F.  E.  KITCHENER,  M.A.,  Headmaster  of  the  Newcastle-under- 
Lyme  High  School.  4to.  2s. 

MILLAR.— ELEMENTS  OF  DESCRIPTIVE  GEOMETRY.  By  J.  B.  MILLAR, 
Civil  Engineer,  Lecturer  on  Engineering  in  the  Victoria  University,  Manchester. 
2d  Ed.  Cr.  8vo.  6s. 

PLANT.— PRACTICAL  PLANE  AND  DESCRIPTIVE  GEOMETRY.  By  E.  C. 
PLANT.  Globe  8vo.  [In  preparation. 

MENSURATION. 

STEVENS.— ELEMENTARY  MENSURATION.  With  Exercises  on  the  Mensura 
tion  of  Plane  and  Solid  Figures.  By  F.  H.  STEVENS,  M.A.  Gl.  8vo. 

[In  preparation. 

TEBAT.— ELEMENTARY  MENSURATION  FOR  SCHOOLS.  By  S.  TEBAY. 
Ex.  fcap.  8vo.  3s.  6d. 

*TODHUNTER.— MENSURATION  FOR  BEGINNERS.  By  ISAAC  TODHUNTER, 
F.R.S.  18mo.  2s.  6d.  KEY.  By  Rev.  FR.  L.  MCCARTHY.  Cr.  8vo.  7s.  6d. 

TRIGONOMETRY. 

BEASLEY.— AN  ELEMENTARY  TREATISE  ON  PLANE  TRIGONOMETRY. 
With  Examples.  By  R.  D.  BEASLEY,  M.A.  9th  Ed.,  revised  and  enlarged. 
Cr.  8vo.  3s.  6d. 

BOTTOMLEY.— FOUR-FIGURE  MATHEMATICAL  TABLES.  Comprising  Log- 
arithmic and  Trigonometrical  Tables,  and  Tables  of  Squares,  Square  Roots, 
and  Reciprocals.  By  J.  T.  BOTTOMLEY,  M.A.,  Lecturer  in  Natural  Philosophy 
in  the  University  of  Glasgow.  8vo.  2s.  6d. 

HAYWARD.— THE  ALGEBRA  OF  CO-PLANAR  VECTORS  AND  TRIGONO- 
METRY. By  R.  B.  HAYWARD,  M.A.,  F.R.S.,  Assistant  Master  at  Harrow. 

[ In  preparation. 

JOHNSON.— A  TREATISE  ON  TRIGONOMETRY.  By  W.  E.  JOHNSON,  M.A., 
late  Scholar  and  Assistant  Mathematical  Lecturer  at  King's  College,  Cam- 
bridge. Cr.  8vo.  8s.  6d. 

LEVETT  and  DAVISON.— ELEMENTS  OF  TRIGONOMETRY.  By  RAWDON 
LEVETT  and  A.  F.  DAVISON,  Assistant  Masters  at  King  Edward's  School, 
Birmingham.  [In  the  Press. 

LOCK.— Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow  and  Bursar  of  Gonville 

and  Caius  College,  Cambridge. 

*THE  TRIGONOMETRY  OF  ONE  ANGLE.    Gl.  8vo.    2s.  6d. 
"TRIGONOMETRY  FOR  BEGINNERS,  as  far  as  the  Solution  of  Triangles.    3d 

Ed.    Gl.  8vo.     2s.  6d.    KEY.     Cr.  8vo.    6s.  6d. 
"ELEMENTARY  TRIGONOMETRY.     6th  Ed.  (in  this  edition  the  chapter  on 

logarithms  has  been  carefully  revised).  Gl.  S^vo.  4s.  6d.    KEY.  Cr.  8vo.   8s.  6d. 
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HIGHER  TRIGONOMETRY.    5th  Ed.     Gl.  8vo.    4s.  6d.     Both  Parts  complete 

in  One  Volume.    Gl.  8vo.     7s.  6d. 

M'CLELLAND  and  PRESTpN.  — A  TREATISE  ON  SPHERICAL  TRIGONO- 
METRY. With  applications  to  Spherical  Geometry  and  numerous  Examples. 
By  W.  J.  M'CLELLAND,  M.A.,  Principal  of  the  Incorporated  Society's  School, 
Santry,  Dublin,  and  T.  PRESTON,  M.A.  Cr.  8vo.  8s.  6d.,  or :  Part  I.  To  the 
End  of  Solution  of  Triangles,  4s.  6d.  Part  II.,  5s. 

MATTHEWS.— MANUAL  OF  LOGARITHMS.  By  G.  F.  MATTHEWS,  B.A.  8vo. 
5s.  net. 

PALMER.— TEXT  •  BOOK  OF  PRACTICAL  LOGARITHMS  AND  TRIGONO- 
METRY. By  J.  H.  PALMER,  Headmaster,  R.N.,  H.M.S.  Cambridge,  Devon- 
port.  Gl.  8vo.  4s.  6d. 

SNOWBALL.— THE  ELEMENTS  OF  PLANE  AND  SPHERICAL  TRIGONO- 
METRY. By  J.  C.  SNOWBALL.  14th  Ed.  Cr.  8vo.  7s.  6d. 

TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 

*TRIGONOMETRY  FOR  BEGINNERS.    18mo.    2s.  6d.      KEY.   Cr.  Svo.   8s.  6d. 
PLANE  TRIGONOMETRY.     Cr.  8vo.     5s.    A  New  Edition,  revised  by  R.  W. 

HOGG,  M.A.     Cr.  8vo.     5s.     KEY.     Cr.  8vo.     10s.  6d. 
A  TREATISE  ON  SPHERICAL  TRIGONOMETRY.    Cr.  8vo.     4s.  6d. 

WOLSTENHOLME.— EXAMPLES  FOR  PRACTICE  IN  THE  USE  OF  SEVEN- 
FIGURE  LOGARITHMS.  By  JOSEPH  WOLSTENHOLME,  D.Sc.,  late  Professor 
of  Mathematics  in  the  Royal  Indian  Engineering  Coll.,  Cooper's  Hill.  8vo. 
5s. 

ANALYTICAL  GEOMETRY  (Plane  and  Solid). 

DYER.-EXERCISES  IN  ANALYTICAL  GEOMETRY.  By  J.  M.  DYER,  M.A., 
Assistant  Master  at  Eton.  Illustrated.  Cr.  8vo.  4s.  6d. 

FERRERS.— AN    ELEMENTARY  TREATISE    ON    TRILINEAR   CO-ORDIN- 
ATES, the  Method  of  Reciprocal  Polars,  and  the  Theory  of  Projectors.     By 
the  Rev.  N.  M.  FERRERS,  D.D.,  F.R.S.,  Master  of  Gonville  and  Caius  College, 
Cambridge.    4th.  Ed.,  revised.    Cr.  8vo.    6s.  6d. 
FROST.— Works  by  PERCIVAL  FROST,  D.Sc.,  F.R.S.,  Fellow  and  Mathematical 

Lecturer  at  King's  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.     8vo.     12s. 
SOLID  GEOMETRY.     3d  Ed.    Demy  8vo.     16s. 
HINTS  FOR  THE  SOLUTION  OF  PROBLEMS  in  the  Third  Edition  of  SOLID 

GEOMETRY.     8vo.    8s.  6d. 

JOHNSON.— CURVE  TRACING  IN  CARTESIAN  CO-ORDINATES.  By  W. 
WOOLSEY  JOHNSON,  Professor  of  Mathematics  at  the  U.S.  Naval  Academy, 
Annapolis,  Maryland.  Cr.  8vo.  4s.  6d. 

M'CLELLAND.— THE  GEOMETRY  OF  THE  CIRCLE.  By  W.  J.  M'CLELLAND, 
M.A.  Cr.  8vo.  [In  the  Press. 

PUCKLE.— AN  ELEMENTARY  TREATISE  ON  CONIC  SECTIONS  AND  AL- 
GEBRAIC GEOMETRY.    With  Numerous  Examples  and  Hints  for  their  Solu- 
tion.    By  G.  H.  PUCKLE,  M.A.     5th  Ed.,  revised  and  enlarged.     Cr.  8vo. 
7s.  6d. 
SMITH. — Works  by  CHARLES   SMITH,  M.A.,  Master  of  Sidney  Sussex  College, 

Cambridge. 

CONIC  SECTIONS.     7th  Ed.     Cr.  Svo.    7s.  6d. 
SOLUTIONS  TO  CONIC  SECTIONS.     Cr.  Svo.     10s.  6d. 
AN  ELEMENTARY  TREATISE  ON  SOLID  GEOMETRY.     2d  Ed.     Cr.  Svo. 

9s.  6d. 

TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 
PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straight  Line  and  the 

Conic  Sections.     Cr.  Svo.    7s.  6d. 

KEY.     By  C.  W.  BOURNE.  M.  A.,  Headmaster  of  King's  College  School.    Cr.  Svo. 
10s.  6d. 
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TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S.— continued. 

EXAMPLES   OP  ANALYTICAL   GEOMETRY    OF   THREE   DIMENSIONS. 
New  Ed.,  revised.     Cr.  8vo.    4s. 

PROBLEMS  AND  QUESTIONS  IN 
MATHEMATICS. 

ARMY  PRELIMINARY  EXAMINATION,  1882-1890,  Specimens  of  Papers  set  at 
the.  With  Answers  to  the  Mathematical  Questions.  Subjects :  Arithmetic, 
Algebra,  Euclid,  Geometrical  Drawing,  Geography,  French,  English  Dictation. 
Cr.  8vo.  3s.  6d. 

CAMBRIDGE  SENATE -HOUSE  PROBLEMS  AND  RIDERS,  WITH  SOLU- 
TIONS:— 

1875— PROBLEMS  AND  RIDERS.    By  A.  G.  GREENHILL,  F.R.S.  Cr.  8vo.  8s.  6d. 
1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.     By  the  Mathematical 
Moderators  and  Examiners.     Edited  by  J.  W.  L.  GLAISHER,  F.R.S.,  Fellow  of 
Trinity  College,  Cambridge.     12s. 

CHRISTIE.— A  COLLECTION  OF  ELEMENTARY  TEST-QUESTIONS  IN  PURE 
AND  MIXED  MATHEMATICS  ;  with  Answers  and  Appendices  on  Synthetic 
Division,  and  on  the  Solution  of  Numerical  Equations  by  Homer's  Method. 
By  JAMES  R.  CHRISTIE,  F.R.S.  Cr.  8vo.  8s.  6d. 

CLIFFORD.— MATHEMATICAL  PAPERS.  By  W.  K.  CLIFFORD.  Edited  by  R. 
TUCKER.  With  an  Introduction  by  H.  J.  STEPHEN  SMITH,  M.A.  8vo.  30s. 

MILNE.— Works  by  Rev.  JOHN  J.  MILNE,  Private  tutor. 

WEEKLY  PROBLEM  PAPERS.    With  Notes  intended  for  the  use  of  Students 
preparing  for  Mathematical  Scholarships,  and  for  Junior  Members  of  the  Uni- 
versities who  are  reading  for  Mathematical  Honours.    Pott  8vo.    4s.  6d. 
SOLUTIONS  TO  WEEKLY  PROBLEM  PAPERS.     Cr.  8vo.     10s.  6d. 
COMPANION  TO  WEEKLY  PROBLEM  PAPERS.    Cr.  Svo.     10s.  6d. 

RICHARDSON.— MISCELLANEOUS  MATHEMATICAL  PAPERS.  Elementary 
and  Advanced.  By  A.  T.  RICHARDSON,  M.A.,  Senior  Mathematical  Master  at 
the  Isle  of  Wight  College.  [In  the  Press. 

SANDHURST  MATHEMATICAL  PAPERS,  for  admission  into  the  Royal  Military 
College,  1881-1889.  Edited  by  E.  J.  BROOKSMITH,  B.A.,  Instructor  in  Mathe- 
matics at  the  Royal  Military  Academy,  Woolwich.  Cr.  Svo.  3s.  6d. 

WOOLWICH  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
Academy,  Woolwich,  1880-1888  inclusive.  By  the  same  Editor.  Cr.  Svo.  6s. 

WOLSTENHOLME.— Works  by  JOSEPH  WOLSTENHOLME,  D.Sc.,  late  Professor  of 

Mathematics  in  the  Royal  Engineering  Coll.,  Cooper's  Hill. 
MATHEMATICAL  PROBLEMS,  on  Subjects  included  in  the  First  and  Second 
Divisions  of  the  Schedule  of  Subjects  for  the  Cambridge  Mathematical  Tripos 
Examination.    New  Ed.,  greatly  enlarged.    Svo.    18s. 

EXAMPLES   FOR  PRACTICE   IN  THE   USE  OF  SEVEN -FIGURE  LOG- 
ARITHMS.   Svo.    5s. 

HIGHER  PURE  MATHEMATICS. 

AIRY.— Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal. 
ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL  EQUATIONS. 

With  Diagrams.     2d  Ed.     Cr.  Svo.     5s.  6d. 
ON   THE  ALGEBRAICAL  AND  NUMERICAL  THEORY  OF  ERRORS  OF 

OBSERVATIONS     AND     THE     COMBINATION     OF     OBSERVATIONS. 

2d  Ed.,  revised.     Cr.  Svo.     6s.  6d. 
BOOLE.— THE  CALCULUS  OF  FINITE  DIFFERENCES.    By  G.  BOOLE.   3d  Ed., 

revised  by  J.  F.  MOULTON,  Q.C.     Cr.  Svo.     10s.  6d. 
EDWARDS.— THE  DIFFERENTIAL  CALCULUS.     By  JOSEPH  EDWARDS,  M.A. 

With  Applications  and  numerous  Examples.    Cr.  Svo.     10s.  6d. 
FERRERS.— AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HARMONICS, 

AND  SUBJECTS  CONNECTED  WITH  THEM.     By  Rev.  N.  M.  FERRERS, 

D.  D    F.  R.  S. ,  Master  of  Gonville  and  Caius  College,  Cambridge.    Cr.  Svo.   7s.  6d. 
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FORSYTE.— A  TREATISE  ON  DIFFERENTIAL  EQUATIONS.  By  ANDREW 
RUSSELL  FORSYTH,  F.R.S.,  Fellow  and  Assistant  Tutor  of  Trinity  College, 
Cambridge.  2d  Ed.  8vo.  14s. 

FROST.— AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.  By  PERCIVAL 
FROST,  M.A.,  D.Sc.  8vo.  12s. 

GRAHAM.— GEOMETRY    OF    POSITION.      By    R.    H.    GRAHAM.     Cr.    8vo. 

7s.  6d. 

GREENHILL.— DIFFERENTIAL  AND  INTEGRAL  CALCULUS.  By  A.  G. 
GREENHILL,  Professor  of  Mathematics  to  the  Senior  Class  of  Artillery  Officers, 
Woolwich.  New  Ed.  Cr.  8vo.  10s.  6d. 

APPLICATIONS  OF  ELLIPTIC  FUNCTIONS.     By  the  same.         [In  the  Press. 
JOHNSON. — Works  by  WILLIAM  WOOLSEY  JOHNSON,  Professor  of  Mathematics  at 

the  U.S.  Naval  Academy,  Annapolis,  Maryland. 
INTEGRAL  CALCULUS,  an  Elementary  Treatise  on  the.     Founded     i  the 

Method  of  Rates  or  Fluxions.     8vo.    9s. 

CURVE  TRACING  IN  CARTESIAN  CO-ORDINATES.     Cr.  8vo.    4s.  6d. 
A  TREATISE  ON  ORDINARY  AND  DIFFERENTIAL  EQUATIONS.     !>.  or. 

8vo.     15s. 

KELLAND  and  TAIT.— INTRODUCTION  TO  QUATERNIONS,  with  numerous 
examples.  By  P.  KELLAND  and  P.  G.  TAIT,  Professors  in  the  Department  of 
Mathematics  in  the  University  of  Edinburgh.  2d  Ed.  Cr.  8vo.  7s.  6d. 

KEMPE.— HOW  TO  DRAW  A  STRAIGHT  LINE :  a  Lecture  on  Linkages.     By  A. 

B.  KEMPE.     Illustrated.    Cr.  8vo.     Is.  6d. 
KNOX.— DIFFERENTIAL  CALCULUS  FOR  BEGINNERS.      By  ALEXANDER 

KNOX.     Fcap.  8vo.     3s.  6d. 

MUIR.— THE  THEORY  OF  DETERMINANTS  IN  THE  HISTORICAL  ORDER 
OF  ITS  DEVELOPMENT.  Parti.  Determinants  in  General.  Leibnitz  (1693) 
to  Cayley  (1841).  By  THOS.  MUIR,  Mathematical  Master  in  the  High  School  of 
Glasgow.  8vo.  10s.  6d. 

RICE  and  JOHNSON.— AN  ELEMENTARY  TREATISE  ON  THE  DIFFEREN- 
TIAL CALCULUS.  Founded  on  the  Method  of  Rates  or  Fluxions.  By  J.  M. 
RICE,  Professor  of  Mathematics  in  the  United  States  Navy,  and  W.  W.  JOHN- 
SON, Professor  of  Mathematics  at  the  United  States  Naval  Academy.  3d  Ed., 
revised  and  corrected.  Svo.  18s.  Abridged  Ed.  9s. 
TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 

AN    ELEMENTARY    TREATISE    ON    THE    THEORY   OF    EQUATIONS, 

Cr.  Svo.    7s.  6d. 
A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.     Cr.  Svo.      10s.   6d. 

KEY.     Cr.  Svo.    10s.  6d. 
A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS  APPLICATIONS. 

Cr.  Svo.     10s.  6d.     KEY.    Cr.  Svo.     10s.  6d. 
A  HISTORY  OF  THE  MATHEMATICAL  THEORY  OF  PROBABILITY,  from 

the  time  of  Pascal  to  that  of  Laplace.     Svo.     18s. 

AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S,  AND  BESSEL'S 
FUNCTIONS.     Cr.  Svo.    10s.  6d. 

MECHANICS :  Statics,  Dynamics,  Hydrostatics, 
Hydrodynamics.     (See  also  Physics.) 

ALEXANDER  and  THOMSON.— ELEMENTARY  APPLIED  MECHANICS.  By 
Prof.  T.  ALEXANDER  and  A.  W.  THOMSON.  Part  II.  Transverse  Stress. 
Cr.  Svo.  10s.  6d. 

BALL.— EXPERIMENTAL  MECHANICS.  A  Course  of  Lectures  delivered  at  the 
Royal  College  of  Science  for  Ireland.  By  Sir  R.  S.  BALL,  F.R.S.  2d  Ed. 
Illustrated.  Cr.  8vo.  6s. 

CLIFFORD.— THE  ELEMENTS  OF  DYNAMIC.  An  lutroductipn  to  the  Study  of 
Motion  and  Rest  in  Solid  and  Fluid  Bodies.  By  W.  K.  CLIFFORD.  Part  I.— 
Kinematic.  Cr.  Svo.  Books  I. -III.  7s.  6d. ;  Book  IV.  and  Appendix,  6s. 
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COTTERILL.— APPLIED  MECHANICS :  An  Elementary  General  Introduction  to 
the  Theory  of  Structures  and  Machines.  By  J.  H.  COTTERILL,  F.R.S.,  Professor 
of  Applied  Mechanics  in  the  Royal  Naval  College,  Greenwich.  8vo.  18s. 

COTTERILL  and  SLADE.— LESSONS  IN  APPLIED  MECHANICS.  By  Prof. 
J.  H.  COTTERILL  and  J.  H.  SLADE.  Fcap.  8vo.  5s.  6d. 

DYNAMICS,  SYLLABUS  OF  ELEMENTARY.  Part  I.  Linear  Dynamics.  With 
an  Appendix  on  the  Meanings  of  the  Symbols  in  Physical  Equations.  Prepared 
by  the  Association  for  the  Improvement  of  Geometrical  Teaching.  4to.  Is. 

GANGUILLET  and  KUTTER.— A  GENERAL  FORMULA  FOR  THE  UNIFORM 
FLOW  OF  WATER  IN  RIVERS  AND  OTHER  CHANNELS.  By  E.  GAN- 
GUILLET and  W.  R.  KUTTER.  Translated,  with  Additions,  including  Tables  and 
Diagrams,  and  the  Elements  of  over  1200  Gaugings  of  Rivers,  Small  Channels, 
and  Pipes  in  English  Measure,  by  R.  HERINO,  Assoc.  Am.  Soc.,  C.E.,  M.  Inst. 
C.E.,  and  J.  C.  TRAUTWINE  Jun.,  Assoc.  Am.  Soc.  C.E.,  Assoc.  Inst.  C.E. 
8vo.  17s. 

GRAHAM.— GEOMETRY  OF  POSITION.     By  R.  H.  GRAHAM.    Cr.  8vo.    7s.  6d. 

GREAVES. — Works  by  JOHN  GREAVES,  M.A.,  Fellow  and  Mathematical  Lecturer 

at  Christ's  College,  Cambridge. 
*STATICS  FOR  BEGINNERS.    Gl.  8vo.     3s.  6d. 

A  TREATISE  ON  ELEMENTARY  STATICS.     2d  Ed.     Cr.  8vo.     6s.  6d. 
GREENHILL.— HYDROSTATICS.    By  A.  G.  GREENHILL,  Professor  of  Mathematics 
to  the  Senior  Class  of  Artillery  Officers,  Woolwich.     Cr.  8vo.     [In  preparation. 
*HICKS.— ELEMENTARY  DYNAMICS  OF  PARTICLES  AND  SOLIDS.     By 
W.  M.  HICKS,  D.Sc.,  Principal  and  Professor  of  Mathematics  and  Physics,  Firth 
College,  Sheffield.    Cr.  8vo.    6s.  6d. 
JELLETT.— A  TREATISE  ON  THE  THEORY  OF  FRICTION.     By  JOHN  H. 

JELLETT,  B.D.,  late  Provost  of  Trinity  College,  Dublin.    8vo.    8s.  6d. 
KENNEDY.— THE  MECHANICS  OF  MACHINERY.     By  A.  B.  W.  KENNEDY, 

F.R.S.     Illustrated.    Cr.  8vo.     12s.  6d. 
LOCK.— Works  by  Rev.  J.  B.  LOCK,  M.A. 
^ELEMENTARY  STATICS.    2d  Ed.    Gl.  8vo.    4s.  6d. 
*  ELEMENTARY  DYNAMICS.     3d  Ed.    Gl.  8vo.    4s.  6d. 
ELEMENTARY  HYDROSTATICS.    Gl.  8vo.  [In  preparation. 

MECHANICS  FOR  BEGINNERS.     Gl.  8vo.     Part  I.  MECHANICS  OF  SOLIDS. 
[In  the  Press.     Part  II.  MECHANICS  or  FLUIDS.  [In  preparation. 

MACGREGOR.— KINEMATICS  AND  DYNAMICS.  An  Elementary  Treatise. 
By  J.  G.  MACGREGOR,  D.Sc.,  Munro  Professor  of  Physics  in  Dalhousie  College, 
Halifax,  Nova  Scotia.  Illustrated.  Cr.  8vo.  10s.  6d. 

PARKINSON.— AN    ELEMENTARY  TREATISE    ON    MECHANICS.      By    S. 

PARKINSON,  D.D.,  F.R.S.,  late  Tutor  and  Prselector  of  St.  John's  College, 

Cambridge.    6th  Ed.,  revised.    Cr.  8vo.    9s.  6d. 
PIRIE.— LESSONS  ON  RIGID  DYNAMICS.    By  Rev.  G.  PIRIE,  M.A.,  Professor 

of  Mathematics  in  the  University  of  Aberdeen.    Cr.  8vo.    6s. 
ROUTE.— Works  by  EDWARD  JOHN  ROUTH,  D.Sc.,  LL.D.,  F.R.S.,  Hon.  Fellow 

of  St.  Peter's  College,  Cambridge. 
A  TREATISE  ON  THE  DYNAMICS  OF  THE  SYSTEM  OF  RIGID  BODIES. 

With  numerous  Examples.     Two  Vols.     8vo.     Vol.   I. —  Elementary  Parts. 

5th  Ed.    14s.    Vol.  II.— The  Advanced  Parts.    4th  Ed.    14s. 
STABILITY  OF  A  GIVEN  STATE  OF  MOTION,  PARTICULARLY  STEADY 

MOTION.    Adams  Prize  Essay  for  1877.    8vo.    8s.  6d. 
"SANDERSON.— HYDROSTATICS  FOR  BEGINNERS.     By  F.  W.  SANDERSON, 

M.A.,  Assistant  Master  at  Dulwich  College.    Gl.  8vo.    4s.  6d. 

TAIT  and  STEELE.— A  TREATISE  ON  DYNAMICS  OF  A  PARTICLE.      By 
Professor  TAIT,  M.A.,  and  W.  J.  STEELE,  B.A.   6th  Ed.,  revised.   Cr.  8vo.   12s. 
TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 

*MECHANICS  FOR  BEGINNERS.    18mo.    4s.  6d.    KEY.    Cr.  Svo.    6s.  6d. 
A  TREATISE  ON  ANALYTICAL  STATICS.    5th  Ed.     Edited  by  Prof.  J.  D. 
EVERETT,  F.R.S.    Cr.  8vo.    10s.  6d. 
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PHYSICS :  Sound,  Light,  Heat,  Electricity,  Elasticity, 
Attractions,  etc.     (See  also  Mechanics.) 

AIRY. — Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal. 
ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS.      With  the  Mathematical 

Elements  of  Music.     2d  Ed.,  revised  and  enlarged.     Or.  8vo.    9s. 
GRAVITATION :  An  Elementary  Explanation  of  the  Principal  Perturbations  in 

the  Solar  System.     2d  Ed.     Or.  8vo.     7s.  6d. 

CLAUSIUS.— MECHANICAL  THEORY  OF  HEAT.  By  R.  CLAUSIUS.  Trans- 
lated by  W.  R.  BROWNE,  M.A.  Cr.  8vo.  10s.  6d. 

GUMMING.— AN   INTRODUCTION    TO   THE   THEORY   OF   ELECTRICITY. 

By  LINNAEUS  GUMMING,  M.  A. ,  Assistant  Master  at  Rugby.    Illustrated.   Cr.  8vo. 

8s.  6d. 
DANIELL.— A  TEXT-BOOK  OF  THE  PRINCIPLES  OF  PHYSICS.    By  ALFRED 

DANIELL,  D.Sc.     Illustrated.     2d  Ed.,  revised  and  enlarged.     8vo.     21s. 
DAY.— ELECTRIC  LIGHT  ARITHMETIC.    By  R.  E.  DAY,  Evening  Lecturer  in 

Experimental  Physics  at  King's  College,  London.     Pott  8vo.    £s. 
EVERETT.— ILLUSTRATIONS  OF  THE  C.  G.  S.  SYSTEM  OF  UNITS  WITH 

TABLES^OF  PHYSICAL  CONSTANTS.    ByJ  D.  EVERETT,  F.R.S.,  Professor 

of  Natural  Philosophy,  Queen's  College,  Belfast.    New  Ed.    Ex.  fcap.    8vo.    5s. 

FERRERS.— AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HARMONICS, 
and  Subjects  connected  with  them.  By  Rev.  N.  M.  FERRERS,  D.D.,  F.R.S., 
Master  of  Gonville  and  Caius  College,  Cambridge.  Cr.  8vo.  7s.  6d. 

FESSENDEN.  — PHYSICS  FOR  PUBLIC  SCHOOLS.  By  C.  FESSENDEN. 
Illustrated.  Fcap.  8vo.  [In  the  Press. 

GRAY.— THE  THEORY  AND  PRACTICE  OF  ABSOLUTE  MEASUREMENTS 
IN  ELECTRICITY  AND  MAGNETISM.  By  A.  GRAY,  F.R.S.E.,  Professor 
of  Physics  in  the  University  College  of  North  Wales.  Two  Vols.  Cr.  8vo. 
Vol.  I.  12s.  6d.  [Vol.  II.  In  the  Press. 

ABSOLUTE  MEASUREMENTS  IN  ELECTRICITY  AND  MAGNETISM.     2d 
Ed.,  revised  and  greatly  enlarged.    Fcap.  8vo.     5s.  6d. 

IBBETSON.— THE  MATHEMATICAL  THEORY  OF  PERFECTLY  ELASTIC 
SOLIDS,  with  a  Short  Account  of  Viscous  Fluids.  By  W.  J.  IBBETSON,  late 
Senior  Scholar  of  Clare  College,  Cambridge.  8vo.  21s. 

*JONES.— EXAMPLES  IN  PHYSICS.  Containing  over  1000  Problems  with 
Answers  and  numerous  solved  Examples.  Suitable  for  candidates  preparing 
for  the  Intermediate,  Science,  Preliminary,  Scientific,  and  other  Examinations 
of  the  University  of  London.  By  D.  E.  JONES,  B.Sc.,  Professor  of  Physics 
in  the  University  College  of  Wales,  Aberystwyth.  Fcap.  8vo.  8s.  6d. 
"ELEMENTARY  LESSONS  IN  HEAT,  LIGHT,  AND  SOUND.  By  the  same. 
Gl.  8vo.  2s.  6d. 

LOCKYER.— CONTRIBUTIONS  TO  SOLAR  PHYSICS.  By  J.  NORMAN  LOCKYER, 
F.R.S.  With  Illustrations.  Royal  8vo.  31s.  6d. 

LODGE.— MODERN  VIEWS  OF  ELECTRICITY.  By  OLIVER  J.  LODGE,  F.R.S., 
Professor  of  Experimental  Physics  in  University  College,  Liverpool.  Illus- 
trated. Cr.  8vo.  6s.  6d. 

LOEWY.— 'QUESTIONS  AND  EXAMPLES  ON  EXPERIMENTAL  PHYSICS : 
Sound,  Light,  Heat,  Electricity,  and  Magnetism.  By  B.  LOEWY,  Examiner  in 
Experimental  Physics  to  the  College  of  Preceptors.  Fcap.  8vo.  2s. 
*A  GRADUATED  COURSE  OF  NATURAL  SCIENCE  FOR  ELEMENTARY 
AND  TECHNICAL  SCHOOLS  AND  COLLEGES.  By  the  same.  In  Three 
Parts.  Part  I.  FIRST  YEAR'S  COURSE.  Gl.  8vo.  2s.  Part  II.  [In  preparation. 

LUPTON.— NUMERICAL  TABLES  AND  CONSTANTS  IN  ELEMENTARY 
SCIENCE.  By  S.  LUPTON,  M.  A.,  late  Assistant  Master  at  Harrow.  Ex.  fcap. 
8vo.  2s.  6d. 

MACFARLANE.— PHYSICAL  ARITHMETIC.  By  A.  MACFAKLAHE,  D.Sc.,  late 
Examiner  in  Mathematics  at  the  University  of  Edinburgh.  Cr.  8vo.  7s.  6d. 
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*MAYER.— SOUND :  A  Series  of  Simple,  Entertaining,  and  Inexpensive  Experi- 
ments in  the  Phenomena  of  Sound.  By  A.  M.  MAYER,  Professor  of  Physics 
in  the  Stevens  Institute  of  Technology.  Illustrated.  Cr.  8vo.  3s.  6cl. 

*MAYER  and  BARNARD.— LIGHT :  A  Series  of  Simple,  Entertaining,  and  In- 
expensive Experiments  in  the  Phenomena  of  Light.  By  A.  M.  MAYER  and 
C.  BARNARD.  Illustrated.  Cr.  8vo.  2s.  6d. 

MOLLOY.— GLEANINGS  IN  SCIENCE  :  Popular  Lectures  on  Scientific  Subjects. 

By  the  Rev.  GERALD  MOLLOY,  D.Sc.,  Hector  of  the  Catholic  University  of 

Ireland.     8vo.     7s.  6d. 
NEWTON.— PRINCIPIA.     Edited  by  Prof.  Sir  W.  THOMSON,  P.R.S.,  and  Prof. 

BLACKBURNE.     4to.     31s.  6d. 

THE  FIRST  THREE  SECTIONS  OP  NEWTON'S  PRINCIPIA.  With  Notes 
and  Illustrations.  Also  a  Collection  of  Problems,  principally  intended  as 
Examples  of  Newton's  Methods.  By  P.  FROST,  M. A.,  D.Sc.  3d  Ed.  8vo.  12s. 

PARKINSON.— A  TREATISE  ON  OPTICS.  By  S.  PARKINSON,  D.D.,  F.R.S., 
late  Tutor  and  Prselector  of  St.  John's  College,  Cambridge.  4th  Ed.,  revised 
and  enlarged.  Cr.  8vo.  10s.  6d. 

PEABODY.— THERMODYNAMICS  OF  THE  STEAM-ENGINE  AND  OTHER 
HEAT-ENGINES.  By  CECIL  H.  PEABODY,  Associate  Professor  of  Steam 
Engineering,  Massachusetts  Institute  of  Technology.  Svo.  21s. 

PERRY.  —  STEAM :  An  Elementary  Treatise.  By  JOHN  PERRY,  Professor 
of  Mechanical  Engineering  and  Applied  Mechanics  at  the  Technical  College, 
Finsbury.  18mo.  4s.  6d. 

PICKERING.— ELEMENTS  OF  PHYSICAL  MANIPULATION.  By  Prof.  ED- 
WARD 0.  PICKERING.  Medium  Svo.  Part  I.,  12s.  6d.  Part  II.,  14s. 

PRESTON.— THE  THEORY  OF  LIGHT.     By  THOMAS  PRESTON,  M.A.     Illus- 
trated.    8vo.     12s.  6d. 
THE  THEORY  OF  HEAT.     By  the  same  Author.    Svo.  [In  preparation. 

RAYLEIGH.— THE  THEORY  OF  SOUND.     By  LORD  RAYLEIGH,  F.R.S.     8vo. 

Vol.  I.,  12s.  6d.    Vol.  II.,  12s.  6d.  [Vol.  III.     In  the  Press. 

SHANN.— AN   ELEMENTARY    TREATISE    ON    HEAT,    IN   RELATION    TO 

STEAM  AND  THE  STEAM-ENGINE.     By  G.  SHANN,  M.A.     Illustrated. 

Cr.  Svo.     4s.  6d. 

SPOTTISWOODE.— POLARISATION  OF  LIGHT.    By  the  late  W.  SPOTTISWOODE, 

F.R.S.     Illustrated.     Cr.  Svo.    8s.  6d. 
STEWART.— Works  by  BALFOUR  STEWART,  F.R.S.,  late  Langworthy  Professor  of 

Physics  in  the  Owens  College,  Victoria  University,  Manchester. 
*PRIMER  OF  PHYSICS.     Illustrated.     With  Questions.     ISmo.     Is. 
"LESSONS  IN  ELEMENTARY  PHYSICS.     Illustrated.     Fcap.  Svo.    4s.  6d. 
'QUESTIONS.    By  Prof.  T.  H.  CORE.    Fcap.  Svo.    2s. 

STEWART  and.  GEE.— LESSONS  IN  ELEMENTARY  PRACTICAL  PHYSICS. 
By  BALFOUR  STEWART,  F.R.S.,  and  W.  W.  HALDANE  GEE,  B.Sc.  Cr.  Svo. 
Vol.  I.  GENERAL  PHYSICAL  PROCESSES.  6s.  Vol.  II.  ELECTRICITY  AND 
MAGNETISM.  7s.  6d.  [Vol.  III.  OPTICS,  HEAT,  AND  SOUND.  In  the  Press. 

^PRACTICAL  PHYSICS  FOR  SCHOOLS  AND  THE  JUNIOR  STUDENTS  OF 
COLLEGES.  Gl.  Svo.  Vol.  I.  ELECTRICITY  AND  MAGNETISM.  2s.  6d. 

[Vol.  II.  OPTICS,  HEAT,  AND  SOUND.    In  the  Press. 

STOKES.— ON  LIGHT.  Burnett  Lectures,  delivered  in  Aberdeen  in  1883-4-5. 
By  Sir  G.  G.  STOKES,  F.R.S.,  Lucasian  Professor  of  Mathematics  in  the 
University  of  Cambridge.  First  Course  :  ON  THE  NATURE  OF  LIGHT.  Second 
Course :  ON  LIGHT  AS  A  MEANS  OF  INVESTIGATION.  Third  Course :  ON  THE 
BENEFICIAL  EFFECTS  OF  LIGHT.  Cr.  8vo.  7s.  6d. 
***  The  2d  and  3d  Courses  may  be  had  separately.  Cr.  Svo.  2s.  6d.  each. 

STONE.— AN    ELEMENTARY  TREATISE    ON    SOUND.      By  W.    H.   STONE. 

Illustrated.     Fcap.  8vo.    3s.  6d. 
TAIT.— HEAT.    By  P.  G.  TAIT,  Professor  of  Natural  Philosophy  in  the  University 

of  Edinburgh.     Cr.  Svo.    6s. 
LECTURES  ON  SOME  RECENT  ADVANCES  IN  PHYSICAL  SCIENCE.     By 

the  same.    8d  Edition.     Crown  8vo.     9s. 
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TAYLOR.— SOUND  AND  MUSIC.  An  Elementary  Treatise  on  the  Physical  Con- 
stitution of  Musical  Sounds  and  Harmony,  including  the  Chief  Acoustical 
Discoveries  of  Professor  Helmholtz.  By  SEDLEY  TAYLOR,  M.  A.  Illustrated. 
2d  Ed.  Ex.  cr.  8vo.  8s.  6d. 

"THOMPSON.  —  ELEMENTARY  LESSONS  IN  ELECTRICITY  AND  MAGNET- 
ISM.    By  SILVANUS  P.  THOMPSON,  Principal  and  Professor  of  Physics  in  the 
Technical  College,  Finsbury.  Illustrated.  New  Ed. ,  revised.   Fcap.  8vo.  4s.  6d. 
THOMSON.— Works  by  J.  J.  THOMSON,  Professor  of  Experimental  Physics  in  the 

University  of  Cambridge. 
A  TREATISE  ON  THE  MOTION  OF  VORTEX  RINGS.    Adams  Prize  Essay 

1882.     8vo.    6s. 
APPLICATIONS  OF  DYNAMICS  TO  PHYSICS  AND  CHEMISTRY.     Cr.  8vo. 

7s.  6d. 
THOMSON.— Works  by  Sir  W.  THOMSON,  P.R.S.,  Professor  of  Natural  Philosophy 

in  the  University  of  Glasgow. 
ELECTROSTATICS    AND    MAGNETISM,    REPRINTS    OF    PAPERS    ON. 

2d  Ed.    8vo.    18s. 

POPULAR  LECTURES  AND  ADDRESSES.     3  Vols.     Illustrated.     Cr.  8vo. 
Vol.  I.  CONSTITUTION  OP  MATTER.    7s.  6d.    Vol.  III.  NAVIGATION.    7s.  6d. 

TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 
AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S,  AND  BESSEL'S 

FUNCTIONS.     Crown  8vo.    10s.  6d. 
A  HISTORY  OF  THE  MATHEMATICAL  THEORIES  OF  ATTRACTION,  AND 

THE  FIGURE  OF  THE  EARTH,  from  the  time  of  Newton  to  that  of  Laplace. 

2  vols.    8vo.     24s. 
TURNER.— A  COLLECTION  OF  EXAMPLES  ON  HEAT  AND  ELECTRICITY. 

By  H.  H.  TURNER,  Fellow  of  Trinity  College,  Cambridge.    Cr.  8vo.    2s.  6d. 
WRIGHT.— LIGHT :  A  Course  of  Experimental  Optics,  chiefly  with  the  Lantern. 

By  LEWIS  WRIGHT.    Illustrated.    Cr.  8vo.    7s.  6d. 

ASTRONOMY. 

AIRY.— Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal. 
"POPULAR  ASTRONOMY.    7th  Ed.    Revised  by  H.  H.  TURNER,  M.A.    18mo. 

4s.  6d. 
GRAVITATION :  An  Elementary  Explanation  of  the  Principal  Perturbations  in 

the  Solar  System.    2d  Ed.    Cr.  8vo.    7s.  6d. 

CHEYNE.— AN  ELEMENTARY  TREATISE  ON  THE  PLANETARY  THEORY. 
By  C.  H.  H.  CHEYNE.    With  Problems.     3d  Ed.    Edited  by  Rev.  A.  FREEMAN, 
M.A.,  F.R.A.S.    Cr.  8vo.    7s.  6d. 
CLARK  and  SADLER.— THE  STAR  GUIDE.     By  L.  CLARK  and  H.  SADLER. 

Roy.  8vo.     5s. 
CROSSLEY,  GLEDHILL,  and  WILSON.— A  HANDBOOK  OF  DOUBLE  STARS. 

By  E.  CROSSLEY,  J.  GLEDHILL,  and  J.  M.  WILSON.    8vo.    21s. 
CORRECTIONS  TO  THE  HANDBOOK  OF  DOUBLE  STARS.     Svo.    Is. 
FORBES.— TRANSIT  OF  VENUS.    By  G.  FORBES,  Professor  of  Natural  Philo- 
sophy in  the  Andersonian  University,  Glasgow.    Illustrated.    Cr.  Svo.    3s.  6d. 
GODFR AY.— Works  by  HUGH  GODFRAY,  M.  A.,  Mathematical  Lecturer  at  Pembroke 

College,  Cambridge. 

A  TREATISE  ON  ASTRONOMY.    4th  Ed.    Svo.     12s.  6d. 
AN  ELEMENTARY  TREATISE  ON  THE  LUNAR  THEORY,  with  a  brief 
Sketch  of  the  Problem  up  to  the  time  of  Newton.    2d  Ed.,  revised.    Cr.  Svo. 
5s.  6d. 

LOCKYER.— Works  by  J.  NORMAN  LOCKYER,  F.R.S. 
*PRIMER  OF  ASTRONOMY.    Illustrated.    ISmo.    Is. 

"ELEMENTARY  LESSONS  IN  ASTRONOMY.  With  Spectra'of  the  Sun,  Stars, 
and  Nebulae,  and  numerous  Illustrations.  36th  Thousand.  Revised  through- 
out. Fcap.  Svo.  5s.  6d. 
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•QUESTIONS  ON  LOOKYER'S  ELEMENTARY  LESSONS  IN  ASTRONOMY. 

By  J.  FORBES  ROBERTSON.     18mo.     Is.  6d. 
THE  CHEMISTRY  OF  THE  SUN.    Illustrated.    8vo.    14s. 
THE    METEORITIO    HYPOTHESIS    OF    THE    ORIGIN    OF    COSMIGAL 

SYSTEMS.     Illustrated.    8vo.     17s.  net. 

THE  EVOLUTION  OF  THE  HEAVENS  AND  THE  EARTH.    Cr.  8vo.    Illus- 
trated. [In  the  Press. 
LOCKYER  and  SEABROKE.— STAR-GAZING  PAST  AND  PRESENT.     By  J. 
NORMAN   LOCKYER,   F.R.S.     Expanded    from   Shorthand   Notes   with   the 
assistance  of  G.  M.  SEABROKE,  F.R.A.S.     Royal  8vo.     21s. 

NEWCOMB.— POPULAR  ASTRONOMY.      By  S.   NEWCOMB,  LL.D.,   Professor 
U.S.  Naval  Observatory.    Illustrated.    2d  Ed.,  revised.    8vo.    18s. 
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HISTORICAL. 

BALL.— A  SHORT  ACCOUNT  OF  THE  HISTORY  OF  MATHEMATICS.     By  W. 
W.  R.  BALL,  M.A.     Cr.  8vo.     10s.  6d. 


NATURAL   SCIENCES. 

Chemistry ;  Physical  Geography,  Geology,  and  Mineralogy ;  Biology ; 

Medicine. 

(For  MECHANICS,  PHYSICS,  and  ASTRONOMY,  see 
MATHEMATICS.) 

CHEMISTRY. 

ARMSTRONG.— A  MANUAL  OF  INORGANIC  CHEMISTRY.  By  HENRY  ARM- 
STRONG, F.R.S.,  Professor  of  Chemistry  in  the  City  and  Guilds  of  London  Tech- 
nical Institute.  Cr.  8vo.  [In  preparation. 

*COHEN.— THE  OWENS  COLLEGE  COURSE  OF  PRACTICAL  ORGANIC 
CHEMISTRY.  By  JULIUS  B.  COHEN,  Ph.D.,  Assistant  Lecturer  on  Chemistry 
in  the  Owens  College,  Manchester.  With  a  Preface  by  Sir  HENRY  ROSCOE, 
F.R.S.,  and  0.  SCHORLEMMER,  F.R.S.  Fcap.  8vo.  2s.  Cd. 

COOKE.— ELEMENTS  OF  CHEMICAL  PHYSICS.  By  JOSIAH  P.  COOKE,  Jun., 
Erving  Professor  of  Chemistry  and  Mineralogy  in  Harvard  University.  4th  Ed. 
8vo.  21s. 

FLEISCHER.— A  SYSTEM  OF  VOLUMETRIC  ANALYSIS.  By  EMIL  FLEISCHER. 
Translated,  with  Notes  and  Additions,  by  M.  M.  P.  MUIR,  F.R.S.E.  Illustrated. 
Cr.  8vo.  7s.  6d. 
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ments. 2d  Ed.  21s.  Vol.  II.  Part  I.— Metals.  18s.  Part  II.— Metals.  18s. 
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LOCAL  GOVERNMENT.     By  M.  D.  CHALMERS,  M.A. 

THE  STATE  IN  ITS  RELATION  TO  EDUCATION.     By  HENRY  CRAIK,  LL.D. 

THE  LAND  LAWS.  By  Sir  F.  POLLOCK,  Bart.,  Professor  of  Jurisprudence  in 
the  University  of  Oxford. 

COLONIES  AND  DEPENDENCIES.  Part  I.  INDIA.  By  J.  S.  COTTON,  M.A. 
II.  THE  COLONIES.  By  E.  J.  PAYNE,  M.A. 

JUSTICE  AND  POLICE.    By  F.  W.  MAITLAND. 

THE  PUNISHMENT  AND  PREVENTION  OF  CRIME.  By  Colonel  Sir  EDMUND 
DU  CANE,  K.C.B.,  Chairman  of  Commissioners  of  Prisons. 

FISKE.— CIVIL  GOVERNMENT  IN  THE  UNITED  STATES  CONSIDERED 
WITH  SOME  REFERENCE  TO  ITS  ORIGINS.  By  JOHN  FISKE,  formerly 
Lecturer  on  Philosophy  at  Harvard  University.  Cr.  8vo.  6s.  6d. 

HOLMES.— THE  COMMON  LAW.    By  O.  W.  HOLMES,  Jun.     Demy  8vo.    12s. 

JENKS.— THE  GOVERNMENT  OF  VICTORIA.  By  EDWABD  JENKS,  B.A., 
LL.B.,  Professor  of  Law  in  the  University  of  Melbourne.  [In  preparation. 

MAITLAND.— PLEAS  OF  THE  CROWN  FOR  THE  COUNTY  OF  GLOUCESTER 
BEFORE  THE  ABBOT  OF  READING  AND  HIS  FELLOW  JUSTICES 
ITINERANT,  IN  THE  FIFTH  YEAR  OF  THE  REIGN  OF  KING  HENRY 
THE  THIRD,  AND  THE  YEAR  OF  GRACE  1221.  By  F.  W.  MAITLAND. 
8vo.  Vs.  6d. 

MUNRO.— COMMERCIAL  LAW.  By  J.  E.  C.  MUNRO,  LL.D.,  Professor  of  Law 
and  Political  Economy  in  the  Owens  College,  Manchester.  [In  preparation. 
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PATERSON.— Works  by  JAMES  PATERSON,  Barrister-at-Law. 
COMMENTARIES  ON  THE  LIBERTY  OF  THE  SUBJECT,  AND  THE  LAWS 
OF  ENGLAND  RELATING  TO  THE  SECURITY  OF  THE  PERSON.   Cheaper 
Issue.    Two  Vols.     Cr.  8vo.     21s. 

THE  LIBERTY  OF  THE  PRESS,  SPEECH,  AND  PUBLIC  WORSHIP. 
Being  Commentaries  on  the  Liberty  of  the  Subject  and  the  Laws  of  England. 
Cr.  8vo.  12s. 

PHILLIMORE.— PRIVATE  LAW  AMONG  THE  ROMANS.  From  the  Pandects. 
By  J.  G.  PHILLIMORE,  Q.C.  8vo.  16s. 

POLLOCK.— ESSAYS  IN  JURISPRUDENCE  AND  ETHICS.     By  Sir  FREDERICK 

POLLOCK,  Bart.,  Corpus  Christi  Professor  of  Jurisprudence  in  the  University 

of  Oxford.    8vo.    10s.  6d. 
INTRODUCTION  TO  THE  HISTORY   OF   THE   SCIENCE    OF   POLITICS. 

By  the  same.     Cr.  8vo.     2s.  6d. 
RICHEY.— THE  IRISH  LAND  LAWS.    By  ALEX.  G.  RICHEY,  Q.C.,  Deputy  Regius 

Professor  of  Feudal  English  Law  in  the  University  of  Dublin.    Cr.  Svo.    3s.  6d. 

SIDGWICK.— THE  ELEMENTS  OF  POLITICS.    By  HENHY  SIDQWICK,  LL.D. 

Svo.     14s.  net. 

STEPHEN.— Works  by  Sir  J.  FITZJAMES  STEPHEN,  Bart. 
A  DIGEST  OF  THE  LAW  OF  EVIDENCE.     5th  Ed.,  revised  and  enlarged. 

Cr.  Svo.     6s. 
A  DIGEST  OF  THE  CRIMINAL  LAW  :  CRIMES  AND  PUNISHMENTS.     4th 

Ed.,  revised.    Svo.     16s. 
A  DIGEST  OF  THE  LAW  OF  CRIMINAL  PROCEDURE  IN  INDICTABLE 

OFFENCES.     By  Sir  J.  F.  STEPHEN,  Bart.,  and  H.  STEPHEN,  LL.M.,  of  the 

Inner  Temple,  Barrister-at-Law.    Svo.     12s.  6d. 

A  HISTORY  OF  THE  CRIMINAL  LAW  OF  ENGLAND.  Three  Vols.  Svo.   48s. 
GENERAL  VIEW  OF  THE  CRIMINAL  LAW  OF  ENGLAND.    Svo.     14s. 

ANTHROPOLOGY. 

DAWKINS.— EARLY  MAN  IN  BRITAIN  AND  HIS  PLACE  IN  THE  TER- 
TIARY  PERIOD.  By  Prof.  W.  BOYD  DAWKINS.  Medium  Svo.  25s. 

FRAZER.— THE  GOLDEN  BOUGH.  A  Study  in  Comparative  Religion.  By  J. 
G.  FRAZER,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  2  vols.  Svo.  28s. 

M'LENNAN.— THE  PATRIARCHAL  THEORY.  Based  on  the  papers  of  the  late 
JOHN  F.  M'LENNAN.  Edited  by  DONALD  M'LENNAN,  M.A.,  Barrister-at-Law. 
Svo.  14s. 

STUDIES  IN  ANCIENT  HISTORY.  By  the  same.  Comprising  a  Reprint  of 
"Primitive  Marriage."  An  inquiry  into  the  origin  of  the  form  of  capture 
in  Marriage  Ceremonies.  Svo.  16s. 

TYLOR.— ANTHROPOLOGY.  An  Introduction  to  the  Study  of  Man  and  Civilisa- 
tion. By  E.  B.  TYLOR,  F.R.S.  Illustrated.  Cr.  Svo.  7s.  6d. 

WESTERMARCK.— THE  HISTORY  OF  HUMAN  MARRIAGE.  By  Dr.  EDWARD 
WESTERMARCK.  With  Preface  by  A.  R.  WALLACE.  8vo.  14s.  net. 

WILSON.— THE  RIGHT  HAND :  LEFT-HANDEDNESS.  By  Sir  D.  WILSON. 
Cr.  Svo.  4s.  6d. 

EDUCATION. 

ARNOLD.— REPORTS  ON  ELEMENTARY  SCHOOLS.    1852-1882.    By  MATTHEW 

ARNOLD,  D.C.L.    Edited  by  the  Right  Hon.  Sir  FRANCIS  SANDFORD,  K.C.B. 

Cheaper  Issue.    Cr.  Svo.    3s.  6d. 
HIGHER  SCHOOLS  AND  UNIVERSITIES  IN  GERMANY.     By  the  same. 

Crown  Svo.    6s. 
BALL.— THE  STUDENT'S  GUIDE  TO  THE  BAR.     By  WALTER  W.  R.  BALL, 

M.A.,  Fellow  and  Assistant  Tutor  of  Trinity  College,  Cambridge.     4th  Ed., 

revised.     Cr.  Svo.    2s.  6d. 
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*BLAKISTON.— THE  TEACHER.     Hints  on  School  Management.     A  Handbook 

for  Managers,  Teachers'  Assistants,  and  Pupil  Teachers.    By  J.  11.  BLAKISTON. 

Or.  8vo.    2s.  6d.    (Recommended  by  the  London,  Birmingham,  and  Leicester 

School  Boards.) 
CALDERWOOD.— ON  TEACHING.     By  Prof.  HENRY  CALDERWOOD.    New  Ed. 

Ex.  fcap.  8vo.     2s.  6d. 

FEARON.— SCHOOL  INSPECTION.  By  D.  R.  FEARON.    6th  Ed.   Cr.  8vo.   2s.  6d. 
FITCH.— NOTES   ON   AMERICAN   SCHOOLS  AND  TRAINING   COLLEGES. 

Reprinted  from  the  Report  of  the  English  Education  Department  for  1888-89, 

with  permission  of  the  Controller  of  H.M.'s  Stationery  Office.     By  J.   G. 

FITCH,  M.A.    Gl.  8vo.     2s.  6d. 
GEIKIE.— THE  TEACHING  OF  GEOGRAPHY.    A  Practical  Handbook  for  the 

use  of  Teachers.    By  Sir  ARCHIBALD  GEIKIE,  F  R.S.,  Director-General  of  the 

Geological  Survey  of  the  United  Kingdom.     Cr.  8vo.    2s. 
GLADSTONE.— SPELLING  REFORM  FROM  A  NATIONAL  POINT  OF  VIEW. 

By  J.  H.  GLADSTONE.    Cr.  8vo.    Is.  6d. 
HERTEL.— OVERPRESSURE  IN  HIGH  SCHOOLS  IN  DENMARK.     By  Dr. 

HERTEU     Translated  by  C.   G.   SORENSEN.      With  Introduction  by  Sir  J. 

CRICHTON-BROWNE,  F.R.S.    Cr.  8vo.    3s.  6d. 
TODHUNTER.—  THE  CONFLICT  OF  STUDIES.    By  ISAAC  TODHUNTER,  F.R.S. 

8vo.    10s.  6d. 
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(See  also  MECHANICS,  LAW,  and  MEDICINE.) 

Civil  and  Mechanical  Engineering;  Military  and  Naval  Science; 
Agriculture ;  Domestic  Economy ;  Book-Keeping ;  Commerce. 

CIVIL  AND  MECHANICAL  ENGINEERING. 

ALEXANDER  and  THOMSON.— ELEMENTARY  APPLIED  MECHANICS.  By 
T.  ALEXANDER,  Professor  of  Civil  Engineering,  Trinity  College,  Dublin,  and 
A.  W.  THOMSON,  Professor  at  College  of  Science,  Poona,  India.  Part  II. 
TRANSVERSE  STRESS.  Cr.  8vo.  10s.  6d. 

CHALMERS.  -GRAPHICAL  DETERMINATION  OF  FORCES  IN  ENGINEER- 
ING STRUCTURES.  By  J.  B.  CHALMERS,  C.E.  Illustrated.  8vo.  24s. 

COTTERILL.— APPLIED  MECHANICS :  An  Elementary  General  Introduction  to 
the  Theory  of  Structures  and  Machines.  ByJ.  H.  COTTKRILL,  F.R.S. ,  Pro- 
fessor of  Applied  Mechanics  in  the  Royal  Naval  College,  Greenwich.  2d  Ed. 
8vo.  18s. 

COTTERDLL  and  SLADE.— LESSONS  IN  APPLIED  MECHANICS.  By  Prof. 
J.  H.  COTTERILL  and  J.  H.  SLADE.  Fcap.  8vo.  5s.  6d. 

GRAHAM.— GEOMETRY  OF  POSITION.     By  R.  H.  GRAHAM.     Cr.  8vo.     7s.  6d. 

KENNEDY.— THE  MECHANICS  OF  MACHINERY.  By  A.  B.  W.  KENNEDY, 
F.R.S.  Illustrated.  Cr.  8vo.  12s.  6d. 

WHITHAM.— STEAM-ENGINE  DESIGN.  For  the  Use  of  Mechanical  Engineers, 
Students,  and  Draughtsmen.  By  J.  M.  WHITHAM,  Professor  of  Engineering, 
Arkansas  Industrial  University.  Illustrated.  8vo.  25s. 

YOUNG.— SIMPLE  PRACTICAL  METHODS  OF  CALCULATING'  STRAINS 
ON  GIRDERS,  ARCHES,  AND  TRUSSES.  With  a  Supplementary  Essay  on 
Economy  in  Suspension  Bridges.  By  E.  W.  YOUNG,  C.E.  With  Diagrams. 
8vo.  7s.  6d. 

MILITARY  AND  NAVAL  SCIENCE. 

AITKEN.— THE  GROWTH  OF  THE  RECRUIT  AND  YOUNG  SOLDIER.  With 
a  view  to  the  selection  of  "  Growing  Lads  "  for  the  Army,  and  a  Regulated 
System  of  Training  for  Recruits.  By  Sir  W.  AITKEN,  F.R.S.,  Professor  of 
Pathology  in  the  Army  Medical  School.  Cr.  8vo.  8s.  6d. 
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ARMY  PRELIMINARY  EXAMINATION,  1882-1890,  Specimens  of  Papers  set  at 
the.  With  Answers  to  the  Mathematical  Questions.  Subjects :  Arithmetic, 
Algebia,  Euclid,  Geometrical  Drawing,  Geography,  French,  English  Dictation. 
Or.  8vo.  3s.  Cd. 

MATTHEWS.— MANUAL  OF  LOGARITHMS.  By  G.  F.  MATTHEWS,  B.A.  8vo. 
5s.  net. 

MAURICE.— WAR.     By  FREDERICK  MAURICE,  Colonel  C.B.,  R.A.    8vo.    5s.  net. 

MERCUR.— ELEMENTS  OF  THE  ART  OF  WAR.  Prepared  for  the  use  of 
Cadets  of  the  United  States  Military  Academy.  By  JAMES  MERCUR,  Professor 
of  Civil  Engineering  at  the  United  States  Academy,  West  Point,  New  York. 
2d  Ed.,  revised  and  corrected.  8vo.  17s. 

PALMER.— TEXT -BOOK  OF  PRACTICAL  LOGARITHMS  AND  TRIGONO- 
METRY. By  J.  H.  PALMER,  Head  Schoolmaster,  R.N.,  H.M.S.  Cambridge, 
Devonport.  Gl.  8vo.  4s.  6d. 

ROBINSON.— TREATISE  ON  MARINE  SURVEYING.  Prepared  for  the  use  of 
younger  Naval  Officers.  With  Questions  for  Examinations  and  Exercises 
principally  from  the  Papers  of  the  Royal  Naval  College.  With  the  results. 
By  Rev.  JOHN  L.  ROBINSON,  Chaplain  and  Instructor  in  the  Royal  Naval 
College,  Greenwich.  Illustrated.  Cr.  8vo.  7s.  6d. 

SANDHURST  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
College,  1881-1889.  Edited  by  E.  J.  BROOKSMITH,  B.A.,  Instructor  in  Mathe- 
matics at  the  Royal  Military  Academy,  Woolwich.  Cr.  8vo.  3s.  6d. 

SHORTLAND.— NAUTICAL  SURVEYING.  By  the  late  Vice- Admiral  SHORTLAND, 
LL.D.  8vo.  21s. 

THOMSON.— POPULAR  LECTURES  AND  ADDRESSES.  By  Sir  WILLIAM  THOM- 
SON,  LL.D.,  P.R.S.  In  3  vols.  Illustrated.  Cr.  8vo.  Vol.  III.  Navigation.  7s.  6d. 

WILKINSON.— THE  BRAIN  OF  AN  ARMY.  A  Popular  Account  of  the  German 
General  Staff.  By  SPENSER  WILKINSON.  Cr.  8vo.  2s.  6d. 

WOLSELEY.— Works  by  General  Viscount  WOLSELET,  G.C.M.G. 
THE  SOLDIER'S  POCKET-BOOK  FOR  FIELD  SERVICE.     5th  Ed.,  revised 

and  enlarged.    16mo.     Roan.     5s. 
FIELD  POCKET-BOOK  FOR  THE  AUXILIARY  FORCES.     16mo.    Is.  6d. 

WOOLWICH  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
Academy,  Woolwich,  1880-1888  inclusive.  Edited  by  E.  J.  BROOKSMITH,  B.A., 
Instructor  in  Mathematics  at  the  Royal  Military  Academy,  Woolwich.  Cr. 
8vo.  6s. 

AGRICULTURE. 

FRANKLAND.— AGRICULTURAL  CHEMICAL  ANALYSIS,  A  Handbook  of. 
By  PERCY  F.  FRANKLAND,  F.R.S.,  Professor  of  Chemistry,  University  College, 
Dundee.  Founded  upon  Leitfaden  fiir  die  Agriculture  Chemiche  Analyse,  von 
Dr.  F.  KROCKER.  Cr.  8vo.  7s.  6d. 

HARTIG.—  TEXT  -BOOK  OF  THE  DISEASES  OF  TREES.  By  Dr.  ROBERT 
HARTIO.  Translated  by  WM.  SOMERVILLE,  B.Sc.,  D.CE.,  Professor  of  Agricul- 
ture and  Forestry,  Durham  College  of  Science,  Newcastle-on-Tyne.  Edited, 
with  Introduction,  by  Prof.  H.  MARSHALL  WARD.  8vo.  [In  preparation. 

LASLETT.— TIMBER  AND  TIMBER  TREES,  NATD7E  AND  FOREIGN.      By 

THOMAS  LASLETT.    Cr.  8vo.    8s.  6d. 

SMITH.— DISEASES  OF  FIELD  AND  GARDEN  CROPS,  CHIEFLY  SUCH  AS 
ARE  CAUSED  BY  FUNGI.  By  WORTHINGTON  G.  SMITH,  F.L.S.  Illustrated. 
Fcap.  8vo.  4s.  6d. 

TANNER.— "ELEMENTARY  LESSONS  IN  THE  SCIENCE  OF  AGRICULTURAL 
PRACTICE.  By  HENRY  TANNER,  F.C.S.,  M.R.A.C.,  Examiner  in  the  Prin- 
ciples of  Agriculture  under  the  Government  Department  of  Science.  Fcap. 
8vo.  8s.  6d. 

*FIRST  PRINCIPLES  OF  AGRICULTURE.    By  the  same.     18mo.     Is. 
THE  PRINCIPLES  OF  AGRICULTURE.     By  the  same.    A  Series  of  Reading 
Books  for  use  in  Elementary  Schools.    Ex.  fcap.  8vo. 
*I.  The  Alphabet  of  the  Principles  of  Agriculture.     6d. 
*II.  Further  Steps  in  the  Principles  of  Agriculture.     Is. 
*III.  Elementary  School  Readings  on  the  Principles  of  Agriculture  for  the 
third  stage.    Is. 
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WARD.— TIMBER  AND  SOME  OP  ITS  DISEASES.  By  H.  MARSHALL  WARD, 
M.A.,  F.L.S.,  F.R.S.,  Fellow  of  Christ's  College,  Cambridge,  Professor  of 
Botany  at  the  Royal  Indian  Engineering  College,  Cooper's  Hill.  With  Illustra- 
tions. Cr.  8vo.  6s. 

DOMESTIC  ECONOMY. 

^BARKER.— FIRST  LESSONS  IN  THE  PRINCIPLES  OF  COOKING.  By  LADY 
BARKER.  18rao.  Is. 

*BERNERS.— FIRST  LESSONS  ON  HEALTH.    By  J.  BERNERS.    ISmo.    Is. 

*COOKERY  BOOK.— THE  MIDDLE  CLASS  COOKERY  BOOK.  Edited  by  the 
Manchester  School  of  Domestic  Cookery.  Fcap.  8vo.  Is.  6d. 

CRAVEN.— A  GUIDE  TO  DISTRICT  NURSES.  By  Mrs.  DACRE  CRAVEN  (nee 
FLORENCE  SARAH  LEES),  Hon.  Associate  of  the  Order  of  St.  John  of  Jerusalem, 
etc.  Cr.  8vo.  2s.  6d. 

FREDERICK.— HINTS  TO  HOUSEWIVES  ON  SEVERAL  POINTS,  PAR- 
TICULARLY ON  THE  PREPARATION  OF  ECONOMICAL  AND  TASTEFUL 
DISHES.  By  Mrs.  FREDERICK.  Cr.  8vo.  Is. 

*GRAND'HOMME.— CUTTING-OUT  AND  DRESSMAKING.  From  the  French  of 
Mdlle.  E.  GRAND'HOMME.  With  Diagrams.  18mo.  Is. 

JEX-BLAKE.— THE  CARE  OF  INFANTS.    A  Manual  for  Mothers  and  Nurses. 

By  SOPHIA  JEX-BLAKE,  M.D.,  Lecturer  on  Hygiene  at  the  London  School  of 

Medicine  for  Women.    18mo.    Is. 
RATHBONE.— THE   HISTORY  AND   PROGRESS   OF   DISTRICT   NURSING 

FROM   ITS  COMMENCEMENT  IN  THE  YEAR  1859  TO  THE  PRESENT 

DATE,  including  the  foundation  by  the  Queen  of  the  Queen  Victoria  Jubilee 

Institute  for  Nursing  the  Poor  in  their  own  Homes.    By  WILLIAM  RATHBONE, 

M.P.    Cr.  8vo.     2s.  6d. 
*TEGETMEIER.—  HOUSEHOLD  MANAGEMENT  AND  COOKERY.     With  an 

Appendix  of  Recipes  used  by  the  Teachers  of  the  National  School  of  Cookery. 

By  W.  B.  TEGETMEIER.     Compiled  at  the  request  of  the  School  Board  for 

London.    18mo.    Is. 
*  WRIGHT.— THE  SCHOOL  COOKERY-BOOK.    Compiled  and  Edited  by  C.  E. 

GUTHRIE  WRIGHT,  Hon.  Sec.  to  the  Edinburgh  School  of  Cookery.    ISmo.    Is. 

BOOK-KEEPING. 

'THORNTON.— FIRST    LESSONS  IN   BOOK-KEEPING.      By    J.   THORNTON. 

Cr.  8vo.     2s.  6d.     KEY.     Oblong  4to.     10s.  6d. 
*PRIMER  OF  BOOK-KEEPING.     By  the  same.    ISmo.    Is. 
KEY.     8vo.     2s.  6d. 

COMMERCE. 

MACMILLAN'S  ELEMENTARY  COMMERCIAL  CLASS  BOOKS.  Edited  by 
JAMES  Gow,  Litt.D.,  Headmaster  of  Nottingham  School.  Globe  8vo. 

The  following  volumes  are  arranged  for  :— 

*THE  HISTORY  OF  COMMERCE  IN  EUROPE.  By  H.  DE  B.  GIBBINS,  M.A. 
3s.  6d.  [Ready. 

COMMERCIAL  GERMAN.  By  F.  C.  SMITH,  B.A.,  formerly  scholar  of  Magda- 
lene College,  Cambridge.  [In  the  Press. 

COMMERCIAL  GEOGRAPHY.  By  E.  C.  K.  GONNER,  M.A.,  Professor  of  Poli- 
tical Economy  in  University  College,  Liverpool.  [In  preparation. 

COMMERCIAL  FRENCH. 

COMMERCIAL  ARITHMETIC.  By  A.  W.  SUNDERLAND,  M.A.,  late  Scholar  of 
Trinity  College,  Cambridge ;  Fellow  of  the  Institute  of  Actuaries.  [In  prep. 

COMMERCIAL  LAW.  By  J.  E.  C.  MUNRO,  LL.D.,  Professor  of  Law  and 
Political  Economy  in  the  Owens  College,  Manchester. 
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GEOGRAPHY. 

(See  also  PHYSICAL  GEOGRAPHY.) 
BARTHOLOMEW.— *THE  ELEMENTARY  SCHOOL  ATLAS.     By  JOHN  BAR- 

THOLOMEW,  F.R.G.S.      4tO.      IS. 

*MACMILLAN'S  SCHOOL  ATLAS,  PHYSICAL  AND  POLITICAL.    Consisting 
of  80  Maps  and  complete  Index.    By  the  same.     Prepared    for  the  use  of 
Senior  Pupils.     Royal  4to.    8s.  6d.     Half-morocco.     10s.  6d. 
THE   LIBRARY    REFERENCE  ATLAS  OF  THE   WORLD.     By  the  same. 
A  Complete  Series  of  84  Modern  Maps.    With  Geographical  Index  to  100,000 
places.     Half  -  morocco.     Gilt  edges.     Folio.    £2: 12: 6  net.     Also  issued  in 
parts,  5s.  each  net.     Geographical  Index,  7s.  6d.  net.    Part  I.,  April  1891. 
^CLARKE.— CLASS-BOOK  OF  GEOGRAPHY.     By  C.  B.  CLARKE,  F.R.S.    New 

Ed.,  revised  1889,  with  18  Maps.     Fcap.  8vo.     3s.     Sewed,  2s.  6d. 
GEIKIE. — Works  by  Sir  ARCHIBALD  GEIKIE,  F.R.S.,  Director-General  of  the  Geo- 
logical Survey  of  the  United  Kingdom. 
*THE  TEACHING  OF  GEOGRAPHY.     A  Practical  Handbook  for  the  use  of 

Teachers.    Cr.  8vo.    2s. 

"GEOGRAPHY  OF  THE  BRITISH  ISLES.    18mo.     Is. 
*GREEN.— A  SHORT  GEOGRAPHY  OF  THE  BRITISH  ISLANDS.     By  JOHN 

RICHARD  GREEN  and  A.  S.  GREEN.     With  Maps.     Fcap.  8vo.    3s.  6d. 
'GROVE.— A   PRIMER  OF   GEOGRAPHY.     By   Sir   GEORGE  GROVE,   D.O.L. 

Illustrated.     18mo.     Is. 
KIEPERT.— A  MANUAL  OF  ANCIENT  GEOGRAPHY.     By  Dr.  H.  KIEPERT. 

Cr.  8vo.    5s. 
MACMILLAN'S  GEOGRAPHICAL  SERD3S.— Edited  by  Sir  ARCHIBALD  GEIKIE, 

F.R.S.,  Director-General  of  the  Geological  Survey  of  the  United  Kingdom. 
»THE  TEACHING  OF  GEOGRAPHY.    A  Practical  Handbook  for  the  Use  of 
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with  Notes,  by  W.  T.  ARNOLD,  M.A.  With  8  Maps.  Cr.  8vo.  5s. 

ARNOLD.— A  HISTORY  OF  THE  EARLY  ROMAN  EMPIRE.  By  W.  T. 
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D 


50  HISTORY — ART 

MAHAFFY.— GREEK  LIFE  AND  THOUGHT  FROM  THE  AGE  OF  ALEX- 
ANDER  TO  THE  ROMAN  CONQUEST.  By  Rev.  J.  P.  MAHAFFY,  D.D., 
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lated by  M.  C.  M.  SIMPSON.     Gl.  8vo.     4s.  6d. 
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7s.  6d. 
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JOHN  THE  DIVINE. 
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'GREEK  TESTAMENT,  SCHOOL  READINGS  IN  THE.  Being  the  outline  of 
the  life  of  our  Lord,  as  given  by  St.  Mark,  with  additions  from  the  Text  of  the 
other  Evangelists.  Arranged  and  Edited,  with  Notes  and  Vocabulary,  by 
Rev.  A.  CALVERT,  M.A.  Fcap.  8vo.  2s.  6d. 

*THE  GOSPEL  ACCORDING  TO  ST.  MATTHEW.  Being  the  Greek  Text  as 
revised  by  Bishop  WESTCOTT  and  Dr.  HORT.  With  Introduction  and  Notes  by 
Rev.  A.  SLOMAN,  M.A.,  Headmaster  of  Birkenhead  School.  Fcap.  8vo.  2s.  6d. 
THE  GOSPEL  ACCORDING  TO  ST.  MARK.  Being  the  Greek  Text  as  revised 
by  Bishop  WESTCOTT  and  Dr.  HORT.  With  Introduction  and  Notes  by  Rev.  J. 
O.  F.  MURRAY,  M.A.,  Lecturer  at  Emmanuel  College,  Cambridge.  Fcap.  8vo. 

[In  preparation. 

*THE  GOSPEL  ACCORDING  TO  ST.  LUKE.  Being  the  Greek  Text  as  revised 
by  Bishop  WESTCOTT  and  Dr.  HORT.  With  Introduction  and  Notes  by  Rev. 
JOHN  BOND,  M.A.  Fcap.  8vo.  2s.  6d. 

*THE  ACTS  OF  THE  APOSTLES.  Being  the  Greek  Text  as  revised  by  Bishop 
WESTCOTT  and  Dr.  HORT.  With  Explanatory  Notes  by  T.  E.  PAGE,  M.A., 
Assistant  Master  at  the  Charterhouse.  Fcap.  8vo.  3s.  6d. 

GWATKIN.— CHURCH  HISTORY  TO  THE  BEGINNING  OF  THE  MIDDLE 
AGES.     By  H.  M.  GWA.TKIN,  M.A.     8vo.  [In  preparation. 

HARDWICK. — Works  by  Archdeacon  HARDWICK. 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH.  Middle  Age.  From  Gregory 
the  Great  to  the  Excommunication  of  Luther.  Edited  by  W.  STUBBS,  D.D., 
Bishop  of  Oxford.  With  4  Maps.  Cr.  8vo.  10s.  6d. 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH  DURING  THE  REFORMA- 
TION. 9th  Ed.  Edited  by  Bishop  STUBBS.  Cr.  8vo.  10s.  6d. 
HOOLE.— THE  CLASSICAL  ELEMENT  IN  THE  NEW  TESTAMENT.  Considered 
as  a  proof  of  its  Genuineness,  with  an  Appendix  on  the  Oldest  Authorities  used 
in  the  Formation  of  the  Canon.  By  CHARLES  H.  HOOLE,  M.A.,  Student  of  Christ 
Church,  Oxford.  8vo.  10s.  6d. 

JENNINGS    and   LOWE.  — THE    PSALMS,    WITH    INTRODUCTIONS    AND 

CRITICAL  NOTES.    By  A,  C.  JENNINGS,  M.A. ;  assisted  in  parts  by  W.  H. 

LOWE,  M.A.     In  2  vols.     2d  Ed.,  revised.    Cr.  8vo.    10s.  6d.  each. 

KIRKPATRICK.—  THE    MINOR    PROPHETS.      Warburtonian   Lectures.      By 

Rev.  Prof.  KIRKPATRICK.  [In  preparation. 

THE  DIVINE  LIBRARY  OF  THE  OLD  TESTAMENT.    By  the  same.    [In  prep. 

KUENEN.— PENTATEUCH  AND  BOOK  OF  JOSHUA:   An  Historico  -  Critical 

Inquiry  into  the  Origin  and  Composition  of  the  Hexateuch.     By  A.  KUENEN. 

Translated  by  P.  H.  WICKSTEED,  M.A.    8vo.    14s. 

LIGHTFOOT.— Works  by  the  Right  Rev.  J.  B.  LIGHTFOOT,  D.D.,  late  Bishop  of 

Durham. 

ST.  PAUL'S  EPISTLE  TO  THE  GALATIANS.    A  Revised  Text,  with  Introduc- 
tion, Notes,  and  Dissertations.    10th  Ed.,  revised.    8vo.    12s. 
ST.  PAUL'S  EPISTLE  TO  THE  PHILIPPIANS.    A  Revised  Text,  with  Intro- 

duction,  Notes,  and  Dissertations.    9th  Ed.,  revised.     8vo.     12s. 
ST.  PAUL'S  EPISTLES  TO  THE  COLOSSIANS  AND  TO  PHILEMON.    A 
Revised  Text,  with  Introductions,  Notes,  and  Dissertations.    8th  Ed.,  revised. 
8vo.     12s. 

THE  APOSTOLIC  FATHERS.  Part  I.  ST.  CLEMENT  OF  ROME.  A  Revised 
Text,  with  Introductions,  Notes,  Dissertations,  and  Translations.  2  vols.  8vo. 
32s. 

THE  APOSTOLIC  FATHERS.      Part  II.    ST.  IGNATIUS— ST.  POLYCARP. 
Revised  Texts,  with  Introductions,  Notes,  Dissertations,  and  Translations. 
2d  Ed.     3  vols.     8vo.     48s. 
THE  APOSTOLIC  FATHERS.    Abridged  Edition.    With  short  Introductions, 

Greek  Text,  and  English  Translation.     8vo.     16s. 

ESSAYS  ON  THE  WORK  ENTITLED  "SUPERNATURAL  RELIGION." 
(Reprinted  from  the  Contemporary  Review.)  8vo.  10s.  6d. 
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MACLEAR.— Works  by  the  Rev.  G.  F.  MACLEAR,  D.D.,  Warden  of  St.  Augustine's 

College,  Canterbury. 

ELEMENTARY  THEOLOGICAL  CLASS-BOOKS. 

*A  SHILLING  BOOK  OF  OLD  TESTAMENT  HISTORY.  With  Map.  18mo. 
*A  SHILLING  BOOK  OF  NEW  TESTAMENT  HISTORY.  With  Map.  18mo. 
These  works  have  been  carefully  abridged  from  the  Author's  large  manuals. 
*A  CLASS-BOOK  OF  OLD  TESTAMENT  HISTORY.  Maps.  ISmo.  4s.  6d. 
*A  CLASS-BOOK  OF  NEW  TESTAMENT  HISTORY,  including  the  Connection 

of  the  Old  and  New  Testaments.    With  maps.    18mo.     5s.  6cl. 
AN  INTRODUCTION  TO  THE  THIRTY-NINE  ARTICLES.        [In  the  Press. 
*AN  INTRODUCTION  TO  THE  CREEDS.     ISmo.     2s.  6d. 

*A  CLASS-BOOK  OF  THE  CATECHISM  OF  THE  CHURCH  OF  ENGLAND. 
18mo.  Is.  6d. 

*A  FIRST  CLASS-BOOK  OF  THE  CATECHISM  OF  THE  CHURCH  OF 
ENGLAND.  With  Scripture  Proofs.  18mo.  6d. 

*A  MANUAL  OF  INSTRUCTION  FOR  CONFIRMATION  AND  FIRST  COM- 
MUNION. WITH  PRAYERS  AND  DEVOTIONS.  32mo.  2s. 

MAURICE.— THE  LORD'S  PRAYER,  THE  CREED,  AND  THE  COMMAND- 
MENTS. To  which  is  added  the  Order  of  the  Scriptures.  By  Rev.  F.  D. 
MAURICE,  M.A.  18mo.  Is. 

THE  PENTATEUCH  AND  BOOK  OF  JOSHUA:  An  Historico  -  Critical  Inquiry 
into  the  Origin  and  Composition  of  the  Hexateuch.  By  A.  KUENEN,  Professor 
of  Theology  at  Leiden.  Translated  by  P.  H.  WICKSTEED,  M.A.  8vo.  14s. 

PROCTER.— A  HISTORY  OF  THE  BOOK  OF  COMMON  PRAYER,  with  a  Ration- 
ale of  its  Offices.  By  Rev.  F.  PROCTER.  18th  Ed.  Cr.  8vo.  10s.  6d. 

"PROCTER  and  MACLEAR.— AN  ELEMENTARY  INTRODUCTION  TO  THE 
BOOK  OF  COMMON  PRAYER.  Rearranged  and  supplemented  by  an  Ex- 
planation of  the  Morning  and  Evening  Prayer  and  the  Litany.  By  Rev.  F. 
PROCTER  and  Rev.  Dr.  MACLEAR.  New  Edition,  containing  the  Communion 
Service  and  the  Confirmation  and  Baptismal  Offices.  18mo.  2s.  6d. 

THE  PSALMS,  CHRONOLOGICALLY  ARRANGED.  By  Four  Frieuds.  New 
Ed.  Cr.  8vo.  5s.  net. 

THE  PSALMS,  WITH  INTRODUCTIONS  AND  CRITICAL  NOTES.  By  A.  C. 
JENNINGS,  M.A.,  Jesus  College,  Cambridge  ;  assisted  in  parts  by  W.  H.  LOWE, 
M.A.,  Hebrew  Lecturer  at  Christ's  College,  Cambridge.  In  2  vols.  2d  Ed., 
revised.  Cr.  8vo.  10s.  6d.  each. 

RYLE.— AN  INTRODUCTION  TO  THE  CANON  OF  THE  OLD  TESTAMENT. 
By  Rev.  H.  E.  RYLE,  M.A.,  Hulsean  Professor  of  Divinity  in  the  University  of 
Cambridge.  Cr.  8vo.  [In  preparation. 

SIMPSON.— AN  EPITOME  OF  THE  HISTORY  OF  THE  CHRISTIAN  CHURCH 
DURING  THE  FIRST  THREE  CENTURIES,  AND  OF  THE  REFORMATION 
IN  ENGLAND.  By  Rev.  WILLIAM  SIMPSON,  M  .A.  7th  Ed.  Fcap.  8vo.  8s.  6d 

ST.  JAMES*  EPISTLE.— The  Greek  Text,  with  Introduction  and  Notes.     By  Rev. 

JOSEPH  MAYOR,  M.A. ,  Professor  of  Moral  Philosophy  in  King's  College,  London. 

8vo.  [In  the  Press. 

ST.  JOHN'S  EPISTLES.— The  Greek  Text,  with  Notes  and  Essays.  By  Right  Rev. 

B.  F.  WESTCOTT,  D.D.,  Bishop  of  Durham.    2d  Ed.,  revised.    8vo.    12s.  6d. 

ST.  PAUL'S  EPISTLES.— THE  EPISTLE  TO  THE  ROMANS.    Edited  by  the 

Very  Rev.  C.  J.  VAUGHAN,  D.D.,  Dean  of  Llandaff.    5th  Ed.    Cr.  8vo.    7s.  6d. 
THE  TWO  EPISTLES  TO  THE  CORINTHIANS,  A  COMMENTARY  ON.    By 

the  late  Rev.  W.  KAY,  D.D.,  Rector  of  Great  Leghs,  Essex.    8vo.    9s. 
THE    EPISTLE  TO   THE  GALATIANS.    Edited  by  the  Right  Rev.   J.   B. 

LIGHTFOOT,  D.D.     10th  Ed.    8vo.     12s. 

THE  EPISTLE  TO  THE  PHILIPPIANS.  By  the  Same  Editor.  9th  Ed.  8vo.  12s. 
THE  EPISTLE  TO  THE  PHILIPPIANS,  with  Translation,  Paraphrase,  and 

Notes  for  English  Readers.   By  the  Very  Rev.  C.J.  VAUGHAN,  D.D.   Cr.  8vo.  5s. 
THE  EPISTLE  TO  THE  COLOSSIANS  AND  TO  PHILEMON.    By  the  Right 

Rev.  J.  B.  LIGHTFOOT,  D.D.    8th  Ed.     8vo.     12s. 
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THE  EPISTLES  TO  THE  EPHESIANS,  THE  COLOSSIANS,  AND  PHILE- 
MON ;  with  Introductions  and  Notes,  and  an  Essay  on  the  Traces  of  Foreign 
Elements  in  the  Theology  of  these  Epistles.  By  Rev.  J.  LLEWELYN  DAVIES, 
M.A.  8vo.  7s.  6d. 

THE  EPISTLE  TO  THE  THESSALONIANS,  COMMENTARY  ON  THE  GREEK 
TEXT.  By  JOHN  EADIE,  D.D.  Edited  by  Rev.  W.  YOUNG,  M.A.,  with  Preface 
by  Prof.  CAIRNS.  8vo.  12s. 

THE  EPISTLE  TO  THE  HEBREWS.— In  Greek  and  English.    With  Critical  and 

Explanatory  Notes.    Edited  by  Rev.  F.  RENDALL,  M.A.    Cr.  8vo.     6s. 
THE  ENGLISH  TEXT,  WITH  COMMENTARY.     By  the  same  Editor.     Cr. 

8vo.    7s.  6d. 
THE  GREEK  TEXT.    With  Notes  by  C.  J.  VAUGHAN,  D.D.,  Dean  of  Llandaff. 

Cr.  8vo.     7s.  6d. 
THE  GREEK  TEXT.    With  Notes  and   Essays  by  the  Right  Rev.   Bishop 

WESTCOTT,  D.D.    8vo.     14s. 

VAUGHAN.—  THE  CHURCH  OF  THE  FIRST  DAYS.  Comprising  the  Church 
of  Jerusalem,  the  Church  of  the  Gentiles,  the  Church  of  the  World.  By  C.  J. 
VAUGHAN,  D.D.,  Dean  of  Llandaff.  New  Ed.  Cr.  Svo.  10s.  6d. 

WESTCOTT.— Works  by  the  Right  Rev.  BROOKE  Foss  WESTCOTT,  D.D.,  Bishop  of 

Durham. 
A  GENERAL  SURVEY  OF  THE  HISTORY  OF  THE  CANON  OF  THE  NEW 

TESTAMENT  DURING  THE  FIRST  FOUR  CENTURIES.     6th  Ed.    With 

Preface  on  "Supernatural  Religion."    Cr.  8vo.    10s.  6d. 
INTRODUCTION  TO   THE    STUDY  OF  THE  FOUR  GOSPELS.     7th  Ed. 

Cr.  8vo.    10s.  6d. 
THE  BIBLE  IN  THE  CHURCH.     A  Popular  Account  of  the  Collection  and 

Reception  of  the  Holy  Scriptures  in  the  Christian  Churches.     18mo.    4s.  6d. 
THE  EPISTLES  OF  ST.  JOHN.    The  Greek  Text,  with  Notes  and  Essays. 

2d  Ed.,  revised.    8vo.    12s.  6d. 
THE  EPISTLE  TO  THE  HEBREWS.    The  Greek  Text,  with  Notes  and  Essays. 

8vo.  14s. 
SOME  THOUGHTS  FROM  THE  ORDINAL.  Cr.  8vo.  Is.  6d. 

WESTCOTT  and  HORT.— THE  NEW  TESTAMENT  IN  THE  ORIGINAL 
GREEK.  The  Text,  revised  by  the  Right  Rev.  Bishop  WESTCOTT  and  Dr. 
F.  J.  A.  HORT.  2  vols.  Cr.  8vo.  10s.  6d.  each.  Vol.  I.  Text.  Vol.  II. 
Introduction  and  Appendix. 

SCHOOL  EDITION  OF  TEXT.  12mo.  4s.  6d.;  Roan,  red  edges,  5s.  6d.  Fcap. 
Svo.  Morocco,  gilt  edges,  6s.  6d. 

WRIGHT.— THE  COMPOSITION  OF  THE  FOUR  GOSPELS.  A  Critical  En- 
quiry. By  Rev.  ARTHUR  WRIGHT,  M.A.,  Fellow  and  Tutor  of  Queen's  College, 
Cambridge.  Cr.  Svo.  5s. 

WRIGHT.— THE  BIBLE  WORD-BOOK:  A  Glossary  of  Archaic  Words  and 
Phrases  in  the  Authorised  Version  of  the  Bible  and  the  Book  of  Common 
Prayer.  By  W.  ALDIS  WRIGHT,  M.A.,  Vice-Master  of  Trinity  College,  Cam- 
bridge. 2d  Ed.,  revised  and  enlarged.  Cr.  Svo.  7s.  6d. 

*YONGE.— SCRIPTURE  READINGS  FOR  SCHOOLS  AND  FAMILIES.  By 
CHARLOTTE  M.  YONGE.  In  Five  Vols.  Ex.  fcap.  Svo.  Is.  6d.  each.  With 
Comments.  3s.  6d.  each. 

FIRST  SERIES. — GENESIS  TO  DEUTERONOMY.  SECOND  SERIES. — FROM  JOSHUA  TO 
SOLOMON.  THIRD  SERIES. — THE  KINGS  AND  THE  PROPHETS.  FOURTH  SERIES. 
— THE  GOSPEL  TIMES.  FIFTH  SERIES. — APOSTOLIC  TIMES. 

ZECHARIAH— THE  HEBREW  STUDENT'S  COMMENTARY  ON  ZECHARIAH, 
HEBREW  AND  LXX.  With  Excursus  on  Syllable-dividing,  Metheg,  Initial 
Dagesh,  and  Siman  Rapheh.  By  W.  H.  LOWE,  M.A.,  Hebrew  Lecturer  at 
Christ's  College,  Cambridge.  Svo.  10s.  6d. 
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Each  Volume  Complete  in  Itself. 


Volume  for  1884. 

Containing  792  pages,  with  428  Illustrations.     Price  -js.  (>d. 
The  Volume  contains  the  following  Complete  Stories  and  Serials  : — 

The  Armourer's  'Prentices.  By  C.  M.  YONGE.  An  Unsentimental  Journey 
through  Cornwall.  By  Mrs.  CRAIK.  Julia.  By  WALTER  BESANT.  How  I  be- 
came a  War  Correspondent.  By  ARCHIBALD  FORBES.  The  Story  of  a  Courtship. 
By  STANLEY  J.  WEYMAN,  etc. 


Volume  for  1885. 

Containing  840  pages,  with  nearly  500  Illustrations.     Price  8s. 
The  Volume  contains  the  following  Complete  Stories  and  Serials  : — 

A  Family  Affair.  By  HUGH  CONWAY.  Girl  at  the  Gate.  By  WILKIE 
COLLINS.  The  Path  of  Duty.  By  HENRY  JAMES.  Schwartz.  By  D.  CHRISTIE 
MURRAY.  A  Ship  of  '49.  By  BRET  HARTE.  That  Terrible  Man.  By  W.  E. 
NORRIS.  Interviewed  by  an  Emperor.  By  ARCHIBALD  FORBES.  In  the  Lion's 
Den.  By  the  Author  of  "John  Herring,"  etc. 


Volume  for  1886. 

Containing  832  Pages,  with  nearly  500  Illustrations.     Price  8s. 
The  Volume  contains  the  following  Complete  Stories  and  Serials  : — 

KiSS  and  be  Friends.  By  the  Author  of  "John  Halifax,  Gentleman."  Aunt 
Rachel.  By  D.  CHRISTIE  MURRAY.  A  Garden  of  Memories.  By  MARGARET 
VELEY.  My  Friend  Jim.  By  W.  E.  NORRIS.  Harry's  Inheritance.  By  GRANT 
ALLEN.  Captain  Lackland.  By  CLEMENTINA  BLACK.  Witnessed  by  Two.  By 
Mrs.  MOLESWORTH.  The  Poetry  did  It.  By  WILKIE  COLLINS.  Dr.  Barrere. 
By  Mrs.  OLIPHANT.  Mere  Suzanne.  By  KATHARINE  S.  MACQUOID.  Days  with 
Sir  Roger  de  Coverley,  with  pictures  by  HUGH  THOMSON,  etc. 


Volume  for  1887. 

Containing  832  pages^  with  nearly  500  Illustrations.     Price  8s. 
The  Volume  contains  the  following  Complete  Stories  and  Serials  : — 

Marzio's  Crucifix.  By  F.  MARION  CRAWFORD.  A  Secret  Inheritance.  By  B. 
L.  FARJEON.  Jacquetta.  By  the  Author  of  "John  Herring."  Gerald.  By 
STANLEY  J.  WEYMAN.  An  Unknown  Country.  By  the  Author  of  "  John  Hali- 
fax, Gentleman."  With  Illustrations  by  F.  NOEL  PATON.  A  Siege  Baby.  By  J. 
S.  WINTER.  Miss  Falkland.  By  CLEMENTINA  BLACK,  etc. 
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Volume  for  1888. 

Containing  832  pages,  -with  nearly  500  Illustrations.     Price  8s. 
Among  the  chief  Contents  of  the  Volume  are  the  following  Complete 

Stories  and  Serials  : — 

Coaching  Days  and  Coaching  Ways.  By  W.  O.  TRISTRAM.  With  Illustra- 
tions by  H.  RAILTON  and  HUGH  THOMSON.  The  Story  of  Jael.  By  the  Author  of 
"  Mehalah."  LU :  a  Liverpool  Child.  By  AGNES  C.  MAITLAND.  The  Patagonia. 
By  HENRY  JAMES.  Family  Portraits.  By  S.  J.  WEYMAN.  The  Mediation  of 
Ralph  Hardelot.  By  Prof.  W.  MINTO.  That  Girl  in  Black.  By  Mrs.  MOLES- 
WORTH.  Glimpses  of  Old  English  Homes.  By  ELIZABETH  BALCH.  Pagodas, 
Auricles,  and  Umbrellas.  By  C  F.  GORDON  CUMMING.  The  Magic  Fan.  By 
JOHN  STRANGE  WINTER. 


Volume  for  1889. 


Containing  900  pages,  with  nearly  500  Illustrations.     Price  8s. 
Among  the  chief  Contents  of  the  Volume  are  the  following  Complete 

Stories  and  Serials  : — 

Sant'  Ilario.  By  F.  MARION  CRAWFORD.  The  House  of  the  Wolf.  By  STAN- 
LEY J.  WEYMAN.  Glimpses  of  Old  English  Homes.  By  ELIZABETH  BALCH. 
One  Night— The  Better  Man.  By  ARTHUR  PATERSON.  How  the  "Crayture" 
got  on  the  Strength.  And  other  Sketches.  By  ARCHIBALD  FORBES.  La  Belle 
Americaine.  By  W.  E.  NORRIS.  Success.  By  KATHARINE  S.  MACQUOID. 
Jenny  Harlowe.  By  W.  CLARK  RUSSELL. 


Volume  for  1890. 


Containing  900  pages,  with  nearly  550  Illustrations.    Price  8s. 
Among  the  chief  Contents  of  the  Volume  are  the  following  Complete 

Stories  and  Serials  : — 

The  Ring  of  Amasis.  By  the  EARL  OF  LYTTON.  The  Glittering  Plain :  or,  the 
Land  of  Living  Men.  By  WILLIAM  MORRIS.  The  Old  Brown  Mare.  By  W.  E. 
NORRIS.  My  Journey  to  Texas.  By  ARTHUR  PATERSON.  A  Glimpse  of  High- 
clere  Castle— A  Glimpse  of  Osterley  Park.  By  ELIZABETH  BALCH.  For  the 
Cause.  By  STANI.EY  J.  WEYMAN.  Morised.  By  the  MARCHIONESS  OF  CAR- 
MARTHEN. Overland  from  India.  By  Sir  DONALD  MACKENZIE  WALLACE, 
K.C.I.E.  The  Doll's  House  and  After.  By  WALTER  BESANT.  La  Mulette, 
Anno  1814.  By  W.  CLARK  RUSSELL. 


Volume  for  1891. 

Containing  900  pages,  and  about  500  Illustrations.     Price  8s. 
Among  the  chief  Contents  of  the  Volume  are  the  following  Complete 

Stories  and  Serials  : — 

The  Witch  of  Prague.  By  F.  MARION  CRAWFORD.  The  Wisdom  Tooth.  By 
D.  CHRISTIE  MURRAY  and  HENRY  HERMAN.  Wooden'  Tony.  By  Mrs.  W.  K. 
CLIFFORD.  Two  Jealousies.  By  ALAN  ADAIR.  Gentleman  Jim.  By  MARY 
GAUNT.  Harrow  School.  Winchester  College.  Fawsley  Park.  Ham  House. 
Westminster  Ahbey.  Norwich.  The  New  Trade-Union  Movement;  Russo- 
Jewish  Immigrant.  Queen's  Private  Garden  at  Osborne. 
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